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Things happen fast to a rocketing missile. High-nickel Mumetal shields help tape recorders get it all down accurately. 


How Nickel helps record messages from space 


When a missile rockets off into space, 
it detects all sorts of data — tempera- 
ture, radiation, meteoric dust the 
many things we need to know in 
order to conquer space. 


Since radio transmission and re- 
ception between missile and ground 
is not always reliable, some missiles 
carry an airborne secretary—a multi- 
channeled tape recorder. 


It records as many as thirty dif- 
ferent bands of data side by side on 
a 1'%-inch magnetic tape 


Confusion of all the magnetic fields 
crammed inside the tiny head could 
cause messages to come out garbled. 

But there is a way to keep them 

by using Mumetal* 
This alloy has the 


straightened out 
(77% Nickel 


unusual ability of soaking up mag- 
netic fields like a sponge. Thin, flat 
shields of Mumetal siphon off troub- 
lesome interference. 


The manufacturer also covers the 
whole head with more Mumetal to 
bar stray magnetic fields on the out- 
side from getting inside. And then 
a protective Nickel-chrome plating 
goes on top of that. 


All in all, it’s quite a job Nickel 
does. And something to keep in mind 
the next time you’re faced with a 
problem in your product or process. 
If it has to do with high or low 
temperatures ... magnetism... cor- 
rosion ... fatigue or some other 
factor, write us. We’d be happy to 
show you how Nickel, or one of its 
alloys, may be able to help. 


Tiny magnetic head of tape recorder has 
Mumetal shields to trap magnetic in- 
terference, help Davies Lab. Division 
of Minneapolis- Honeywell pack much 
in little space. Nickel-chrome plating on 
cover adds durability, corrosion resis 
tance, and attractive appearance. 

y Ludlum Stee 


*Trademark. Allegher Corporatior 


The International Nickel Company, Inc. 


67 Wall Street pédn New York 5, N.Y. 
INCO. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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...AT A GLANCE 


Ductile molybdenum sheet, said to have far greater ductility than any molybdenum 
sheet previously available, is being made in commercial quantities. According to 
the developer, the new high ductility sheet can be bent double without cracking or 
breaking at room temperature; the limit for ordinary molybdenum sheet is only 
about 20 deg. It may now be possible to form thick sections of molybdenum sheet by 


Hydroforming. (More details next month.) 
Source: General Electric Co., Lamp Metals & Components Dept., Nela Park, Cleveland 12. 


Seven easy-to-process silicone rubbers have been introduced. They include 1) 
two general purpose compounds, 2) two wire and cable compounds, 3) a general 
purpose silicone rubber masterbatch, 4) a fluoro-silicone rubber masterbatch, and 


5) a fuel and solvent resistant fluoro-silicone rubber. (More details next month.) 
Source: Dow Corning Corp., Midland, Mich. 


A beryllium airframe structure has been constructed by a group of engineers who 
have worked out suitable methods for fabricating beryllium into relatively non- 
brittle sheet. The engineers say that ordinary thermal insulation will probably be 
sufficient to keep beryllium structures cool. Thus, airframes will not require the 


complicated cooling systems currently used on missiles. 
Source: Martin Co., Baltimore 8, Md. 


Thin beryllium wire (0.090 in.) has successfully been drawn from 0.250-in. dia rod 
on standard wire drawing equipment, using a specially designed preheat furnace. 
The most critical variables in drawing beryllium wire seem to be temperature, die 
design, crystallography and starting material. Hot pressed beryllium rod is the most 


promising starting material evaluated to date. 
Source: Brush Beryllium Co., 4801 Perkins Ave., Cleveland 38. 


Wear resistant, deep black, chromium electroplates result from a new plating 
technique that operates at current densities from 150 to over 450 asf, and at tem- 
peratures from 70 to 100 F. The electroplates are said to have about three times the 
wear resistance of bright nickel. According to the develonver, the electroplate could 


probably be substituted for hard or porous chromium in a number of applications. 
Source: Dr. A. K. Graham, Savage & Asso., Inc., 475 York Rd., Jenkintown, Pa. 


A new plastic, polybutene, joins the growing family of “isotactic” materials that 
have been introduced during the past few years (polypropylene plastic, M/DE, Jan 
’58, p 110 and Feb ’58, p 155, and polypropylene rubber, this issue, p 131). Limited 
property data indicate the new isotactic plastic has high tear strength. The plastic is 


now in pilot plant production in Italy. 
Source: Chemore Corp., 2 Broadway, New York 4. 


Laminated aluminum sheets, made by bonding 10 to 13 layers of aluminum foil 
together with an epoxy resin, have shown a remarkable ability to completely halt 
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crack propagation in a recent series of fatigue tests. The laminated sheets, cur- 
rently under evaluation, are 7 to 10% less dense than the parent metal foils. Tensile 
tests show the laminated sheets have the same and possibly better strength 


properties than solid aluminum sheet of the same thickness. 
Source: R. B. Baird, Aeronautical Research Laboratory, Wright Air Development Center, Wright-Patterson AFB, Ohio. 


Metal powder-lead alloys are reported to combine the properties of lead (corrosion 
and radiation resistance) with the properties of other metals (strength, heat 
resistance, etc.). Research to date shows that cobalt, copper, iron, molybdenum, 
nickel and tungsten powders are particularly well suited for the new alloys. The 


alloys are made by mixing treated metal powders with molten lead. 
Source: Battelle Memorial Institute, 505 King Ave., Columbus 1, Ohio. 


inexpensive aluminum-coated steel strip, analogous to tinplate, may result from 
research now being conducted on continuous vacuum metallizing. Strip presently 
contemplated would be comparable to 14-lb tinplate, coating thickness being about 
0.030 mil. Such strip seems promising as a less expensive substitute for tinplate 


for containers. 
Source: Research Center, Republic Steel Corp., Independence, Ohio, 


experimental magnesium alloy can be forged to commercial tool design 
tolerances with either hydraulic or heavy presses, according to a recent Air Force 


report. The material, alloyed with the rare earths neodymium and praseodymium, is 
said to have outstanding strength and creep resistance in the T6 condition. Its 
modulus, impact and shear strength, and its hardness, though comparable to those 


of AZ80A-T5 alloy at room temperature, are far superior at high temperatures. 
Source: Rpt. No. PB 151536, Office of Technical Services, U. S. Dept. of Commerce, Washington 25, D.C. 


Pressed and sintered porous nickel sheets and cylinders are being made by a 
new process. The shapes were developed specially to serve as noncontacting con- 
veyors for processing extra-sensitive materials, such as molten glass, plastics, adhe- 
sives and camera film. Products ride on a thin cushion of air forced through the 
pores of the material. The porous nickel can operate at temperatures up to 575 F. 
(More details next month.) 


Source: Corning Glass Works, Corning, N. Y. 


Titanium unfired pressure vessels are now covered by the ASME Code (Case No. 
1258). The Code specifies that the base miaterial be unalloyed titanium conforming 
in chemical composition and mechanical properties to ASTM specifications for 
Grades 1, 2 and 3 of B265-58T. The Code also specifies allowable stress values for 
the three grades of titanium at temperatures from 70 to 650 F. 


Source: Copies of the code covering titanium are available from Titanium Metals Corp. of America, 233 Broadway, 
New York 7 


Lower cost stainless steel honeycomb structures may be realized by using newly 
developed, flexible wire mesh heating elements for brazing instead of a furnace. The 
heating elements operate at low currents, and heat by conduction rather than radia- 
tion or convection. Tests show that the heating elements withstand 50 cycles from 


room temperature to 1800 F. 
Source: Electrofilm, Inc., P, O. Box 106, North Hollywood, Calif. 


Turn to page 131 for more “What’s New in Materials” 
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Another new development using 


B.EGoodrich Chemical «+ mater: 


“‘Scotchlok’’ Brand electrical spring con- 
nectors, designed to give tons of holding 
pressure in a fraction of an ounce, are made 
by Minnesota Mining And Manufacturing 
Com any, St. Paul, Minn., using caps 
molded of Geon by Minnesota Plastics Cor- 
poration, St. Paul. B.F.Goodrich Chemical 
Company supplies the Geon polyvinyl 
material. 





High holding splices with a twist... 
NEW CONNECTORS ARE CAPPED WITH GEON 


Just three color coded sizes of this ‘“‘Scotchlok’”’ Brand electrical 
wire connector can splice over 400 wire combinations from 6 to 18 
AWG solid and stranded. It consists of a bell-shaped steel spring 
in a hard steel shell, all fitted into a cap molded from Geon 
polyvinyl material. 

Geon makes a tough and flexible cap. It has a long, conforming 
skirt to prevent flashover. And since Geon can be precision- 
molded, there is a knurled surface to provide finger grip, making it 
easier to twist the connector onto wire ends. Geon can also be 
molded in colors—each of the different sizes has its own color code. 

Geon also provides ideal electrical characteristics. And it offers 
good resistance to abrasion, weathering, and heat, as well as non- 
flammability and low-temperature flexibility. In addition, Geon 
is inert to oil, chemicals and solvents. 

The new U.L.-approved connector is providing permanent 
high-pressure splices for fixture and appliance applications, as 
well as for larger size wire in 
homes and industry. It’s an ex- 
ample of the way that Geon 
makes possible new products, or 
new applications of existing ones. 


For more information, write F 

Dept. AR-3, B.F.Goodrich Geon 
Chemical Company, 3135 Euclid 
Avenue, Cleveland 15, Ohio. vinyl Malewuials 


Cable address: Goodchemco. 
In Canada: Kitchener, Ontario. Teer sooo” 


B.F.Goodrich Chemical Company 
a division of The B.F.Goodrich Company 


B.EGoodrich GEON polyviny! materials +« HYCAR rubber and latex 


GOOD-RITE chemicals and plasticizers * HARMON colors 


For more information, turn to Reader Service card, circle No. 375 
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B. FP. 


CAN MEET YOUR SPECS 


~~. am EE 
GOODRICH LARGEST PRODUCER 


ee 


"SPONGE RUBBER AND CELLULAR PLASTICS. 


B. F. Goodrich makes more than solid rubber 
more than tires, belts and hose. We make cellular 
materials, rubber and plastic, that range from 
powder-puff softness to rock hardness. These 
materials insulate, absorb shock, seal, cushion, 
float and damp vibrations. And under practically 
any conditions—such as heat, cold, moisture, 
dryness, acidity, dust or oil. 


Standard sheet stock, cord, and tubing are im- 
mediately available. Die-cut shapes and molded 
strips and forms are made to your specification. 


For more information, turn to 


MATERIALS IN DESIGN ENGINEERING 


Large runs naturally get a better price. For com- 
plete information on any or all B. F. Goodrich 
cellular materials write The B. F. Goodrich Com- 
pany, 921 Derby Place, Shelton, Connecticut. Or 
if your problem needs immediate discussion phone 
Cellular Engineering, REgent 5-4661. 


B.EGoodrich 


industrial cellular materials 


Reader Service card, circle No. 426 




















Storage tanks blanketed with urethane foam 

Urethane foam “blankets” are now being used to 
insulate exteriors of storage tanks. The 1-in. thick 
blankets, which have proved successful on small in- 
door hot water tanks as well as large outdoor tanks 
measuring 24 ft in dia and 30 ft high, are simply 
taped to the tank and coated with two layers of an 
asphalt mastic reinforced with a glass fiber mem- 
brane. Although cost of the urethane insulation 
material is “slightly higher” than that of conven- 
tional low temperature materials, overall cost of 


installation is said to be competitive. 
Source: Mobay Chemical Co.; insulation applied by Armstrong 
Contracting & Supply Co. 


Stainless mufflers may outlast car 

The switch from mild steel to stainless steel may 
result in automobile mufflers that last as long as the 
automobile itself. Presently used mufflers burn out 
in about 1% years, or about 15,000 miles. Results 
of tests indicate that most muffler failures result 
from corrosion caused by strong sulfuric and hydro- 
chloric acids produced by combustion. This corrosion 
is accelerated when the muffler operates at about 
180-200 F. Thus far, types 430, 304 and 310 stain- 


less have been found to resist corrosion. 
Source: Allegheny Ludlum Steel Corp. 


Coated cardboard protects typewriters 

Thanks to an ultra-thin polyethylene coating, heavy 
electric typewriters are now being transported in 
lightweight cardboard containers. The polyethylene 
resin, which is claimed to be the only material that 
did not damage the machine’s finish during ship- 
ment, is extrusion-coated on the inner surface of a 
specially designed box board liner. The liner fits 
over the typewriter and is said to protect it from all 


damage, even if the box is turned upside down. 
Source: E. I. du Pont de Nemours & Co.; box manufactured by 
Mengel Co., Div. of Container Corp. 


Terne-coated steel used for air cleaners 
Terne-coated steel is now being specified for the 
housings of heavy duty air cleaners. Here’s why: 
housing bodies and cup shells can be drawn from the 
same blank; residual oil on the steel from the coating 
process serves as a lubricant; no surface preparation 


..-AT A GLANCE 


is needed to assure good paint adherence; the mate- 
rial is corrosion resistant; and soldering is fast and 
efficient. 

Source: Armco Steel Corp.; cleaners manufactured by Vortox Co. 


Flame spraying furnace cooler frames 

Flame sprayed alloy or ceramic coatings may extend 
the life of cooler frames used on open hearth fur- 
naces. Experiments are now being conducted with 
various thicknesses of chromium-nickel, zirconia and 
alumina coatings to determine the most economical 
protection system. 


Source: Research Center, Republic Steel Corp. 


Nylon tubing replaces copper 
The replacement of copper tubing with polyamide 
(nylon) tubing has resulted in a cost saving of 50% 
in the design of equipment used to measure and 
record pressures in jet engines. The tubing, which 
has a 14-in. o.d. and a 0.190-in. i.d., was selected in 
preference to copper and flexible rubber hose pri- 
(continued on p 9) 





Briefs 


Molded butyrate fish are proving the old adage 
that all that glitters is not edible. The fish, used 
as lures, are lacquered in bright, fish-like pat- 
terns and are reported to be excellent for bass, 
pickerel, perch, trout and many other varieties 
of hungry fish. 


Aluminum stilts are taking the stretch out of 
painting and other high level jobs. The stilts, 
which are adjustable for working areas 6 to 9 ft 
above the floor, weigh less than 10 lb and are 
easy (and fun) to use. 


Foam-filled tires are said to be virtually inde- 
structible. The tires, filled with urethane foam 
instead of air, are claimed to be truly blow-out- 
proof (they will not deflate even when cut, 
drilled, shot with a high powered rifle, etc.) —yet 
they are as comfortable as ordinary tires. 
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Save up to 30% in cost, 60% in time 
with EPON RESIN tools and dies 


Your tooling resin formulator will show 
you howEpon resin formulations save time 
and money in applications such as these: 
High temperature tooling: Metal forming 
stretch dies that can operate at temperatures 
over 400°F. 

Heated tools: Matched dies, with integral 
heating units, may be made with Epon resin 
formulations for rapid heat curing of lami- 
nated plastic parts. 

Long-lasting metal forming tools: Castings 
made of formulated Epon resin, mounted in a 
crank press, showed no permanent deforma- 


tion after 28,000 compression-shock cycles. 


In addition, Epon resin formulations offer 
you the following advantages: 


Excellent tolerance control: Little machining 
and handwork are required to finish Epon 
resin tools because of the material’s excellent 
dimensional stability and lack of shrinkage. 


Outstanding strength: Jigs and fixtures with 
thin cross sections can be built from Epon 
resin-based formulations reinforced with glass 
cloth. The resulting laminate has high flexural 
strength and excellent dimensional stability. 


Easy modification: Tools and fixtures made 
from Epon resins may be quickly and easily 
modified to incorporate design changes. 


CONTACT YOUR 
TOOLING RESIN FORMULATOR 

The combination of resin formulator’s skill 
and practical knowledge, backed by Shell 
Chemical’s technical research and experience, 
has solved many important tooling problems 
for industry. Your own formulator specialist 
can help you solve yours. For a list of experi- 
enced tooling resin formulators and additional 
technical information, write to: 


SHELL CHEMICAL CORPORATION 
PLASTICS AND RESINS DIVISION 
50 WEST 50th STREET, NEW YORK 20, NEW YORK 


CHICAGO 
IN CANADA Chemical Div 


CLEVELAND 


sion, one mpany naGG, L 


LOS ANGELES 


mited, Montrec 


NEW YORK 


* Toronto « 


Vancouver 


For more information, turn to Reader Service card, circle No. 463 
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marily because it is less expensive. It can withstand 
pressures of 1000 psi, as well as flex and vibrational 
fatigue, chemicals, wear, abrasion and a wide range 
of temperatures (from -100 to 225 F). 


Source: Polymer Corp. of Pennsylvania; tubing used by Fischer & 
Porter Co. 


Huge steel castings for largest stretcher 

Two huge, 132-ton steel castings will form one set 
of jaws for a new aluminum plate stretcher. The 
steel castings, which are 30 ft long, 8 ft high and 
8 ft thick, will be held together by six forged bolts 
measuring 15 in. in dia and 15 ft long. The new 
plate stretcher will have nearly twice the stretching 
power of the largest unit now in operation: it will 
be capable of stretching a 60-ft long, 6-in. thick 


aluminum plate by as much as 5 ft. 
Source: Kaiser Aluminum & Chemical Sales, Inc.; stretcher built by 
Hydraulik G.M.B.H., Duisburg, Germany. 


Phenolic paint protects wind tunne! 

Use of a tough phenolic-based coating has substan- 
tially reduced maintenance costs on the interior of 
an 8-ft transonic wind tunnel used to study aerody- 
namics of aircraft shapes. Previously used paints 
were literally blown off the tunnel surface; the new 
phenolic coating has remained intact for more than 
two years. In addition to wind, the phenolic coating 
has to withstand scoring caused by bolts and other 


metal parts inadvertently left in the tunnel. 


Source: Union Carbide Plastics Co., Div. of Union Carbide Corp.; 
paint formulated by Tropical Paint Co.; used by Cornell Aeronautical 
Laboratory. 


Newest jets use stainless 

A relatively new precipitation hardening stainless 
steel—PH 15-7 Mo—has been selected as the main 
sheet material for the B-70 Valkyrie and F-108 high 
speed jet planes. PH 15-7 Mo was selected for the 
new jets (which are designed to fly at 2000 mph) 
because it “provides the best combination of char- 
acteristics of any metal available today for aircraft 


with speeds up to 2700 mph.” 
Source: Armco Stee! Corp.; jets produced by North American Avia- 
tion, Inc. 


Viton seals cut carburetor cost 

Excellent dimensional stability in the presence of 
highly aromatic fuels is the primary reason given 
for the selection of Viton fluoroelastomer for a criti- 
cal seal used in truck carburetor pumps. The pre- 
viously used elastomeric materials tended to either 
shrink and cause leakage or swell and render the 
pump inoperative. In addition to reducing mainte- 
nance costs, the new seals are said to improve over- 


all performance of the truck. 
Source: E. I. du Pont de Nemours & Co.; seals made by Houghton 
Vix-Syn Co.; used by Holley Carburetor Co. 

(more Materials at Work on next page) 





Custom Plastics 
Extrusions 


consult 


YARDLEY 


TUBING 


Special shapes or stand- 
ard, rigid or flexible, in 
diameters from %” to 
16”. Our engineers have 
developed advanced tech- 
niques that can save time 
and money on the right 
shape for your specific 
needs, 


SPECIAL SHAPES 


We extrude any shape in a variety 
of formulations to meet a wide 
range of design and performance 
requirements. Our complete tool 
and die shop is staffed with skilled 
technicians. We maintain a li- 
brary of more than 400 section 
dies, one of which may fit your 
product design. 


FABRICATED PARTS 


We shape, flatten, curve, swedge, 
drill and perform other fabrica- 
ting operations to make plastic 
parts ready for your production 
lines. Close tolerance, absolute 
uniformity, dimensional stability 
and high-gloss finish are standard 
production requirements at 
Yardley. 


Write for Bulletin 180 — and for 
prompt quotation send us your prints 


*<Pj) YARDLEY PLASTICS CO. 


a 140 PARSONS AVE., COLUMBUS 15, OHIO 


For more information, turn to Reader Service card, circle No. 425 
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1. Good dielectric properties. Because of its ex- 
cellent dielectric properties, porcelain enamel provides 
this small piece of electronic equipment with a longe 
leakage path between the cap and the electrical leads 
which extend through it. 


2. High temperature resistance. Porcelain enamel finish is 
specified for escutcheons of electric range heater elements and 
meat thermometer because it is resistant to high temperatures 
as well as cooking fats and greases. 


10 * MATERIALS IN DESIGN ENGINEERING 


3. Corrosion resistance. Copper counter 
wheel for taxi meter and other recording de- 
vices is porcelain enameled to resist corrosion 
from moisture, gases, fumes, oils and solvents. 


Here are seven 
advantages 
offered by... 


Porcelain enamel 
coatings 
for small parts 


Edited by Walter Lubars 








5. Abrasion resistance and durability. Various types 
and sizes of dials use porcelain enamel for both the finish 
and lettering because it offers excellent resistance to abra- 
sion (from fingernails, etc.) and excellent color retention. 
In addition, it resists moisture and corrosion, and is 
easily cleaned. 





4. Low coefficient of friction. Porcelain enamel 
is used at contact points of this oil seal because it 
provides a low coefficient of friction, and resistance 
to heat, abrasion and pressure. 





Although initially specified primarily we 

for special purpose tanks, pipe linings 6. Electrical insulation. This tiny cap, used as a 

and other large, high temperature appli- terminal nut in jet aircraft fire detector systems, is por- 
: : : celain enameled across the top to prevent accidental 

cations, porcelain enamel coatings are chert-ebveaiiins. 

now becoming increasingly popular with 


engineers for smal] parts. Reason: 


porcelain enamel offers an excellent 7. Combination of properties. Porcelain enamel is 
used to seal the end of this thermocouple tube for a num- 


° inati 0 ies for specific er 
combination of te perties for spe ber of reasons: it withstands heat, produces an imperme- 
end service requirements. able seal, and provides electrical insulation. 
The accompanying photos show 
some of the small parts currently being 
successfully enameled by Erie Ceramic 
Arts Co. (For a complete discussion of 
porcelain enamel, see M/DE, July ’58, 
p 103.) 

















Heart-lung machine (shown at left) “breathes” for patient during critical open-heart surgery. 


Teflon replaces stainless in heart-lung machine 


Monitoring device i: hand- Bubble trap prevents bubbled blood from 
formed from a single rod. entering the patient. 


Plug connector for monitoring device is machined from single piece of 
molded Teflon rod. Metal fitting is stainless steel. 


Because TFE fiuorocarbon (tetra- 
fluoroethylene) offers an excellent 
combination of properties—ease of 
cleaning and sterilizing; extremely 
smootn surfaces; _ seif-lubricating 
characteristics; and resistance to 
rust, blood chemicals, deformation, 
heat and cold—it has been selected 
to replace stainless steel for many 
vital parts in a heart-lung machine. 

The heart-lung machine, used by 
the University of Colorado Medical 
Center during critical open-heart 
surgery, performs three functions: 
1) it oxygenates the blood; 2) 
“breathes” for the patient by remov- 
ing CO, and adding oxygen; and 3) 
provides a complete bypass of the 
heart to enable it to be drained and 

(continued on p 181) 


MORE MATERIALS AT WORK 
Tiny hooks make 
unusual closure 


Stainless bumpers will 
not peel, correde 


Glass-epoxy laminate 
cools ‘copter engine 


Beryllium to shield 
first man in orbit 


PVC piping replaces 
copper-nickel alloy 














“Our daily production doubled 
after changing to fast-curing 


RCI POLYLITE 


POLYESTER RESINS” 


says H. D. Willcutts, prominent trailer manufacturer 


That’s the remarkable — and profitable — record of one 
company that switched to RCI Poryuite! The H. D. 
Willcutts Company, Nashville, Tenn., gives full credit to 
the rapid curing characteristics of PoLYLITE polyester 
resins for a 100% increase in production. The company 
produces trailers for Nationwide Trailer Rental System, Inc. 


Panels of these vehicles also benefit via other important 
properties provided by PoLYLiTe polyester resins: 


rugged strength - light weight to permit heavier 


AS gE 


payloads + outstanding resistance to corrosion * the 
ability to hold bolts firmly. 


As a bonus, the company reports that with PoLYLITE “we 
can now trim these panels during cure with a common 
linoleum knife. Previously we had to trim after cure using 
rotary saws with costly carbide tips.” 

Have you thought about switching to PoLytiTe? Your 
Reichhold representative will be glad to acquaint you with 
the complete RCI polyester line. 


Creative Chemistry Ro 
... Your Partner in Progress = 4 ae i nf | L | D) 


REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 


Synthetic Resins « Chemical Colors « Industrial Adhesives « Phenol « Hydrochloric Acid » Formaldehyde « Glycerine » Phthalic Anhydride « Maleic Anhydride 
Sebacic Acid « Ortho-Phenylphenol « Sodium Sulfite « Pentaerythritol * Pentachiorophenol « Sodium Pentachlorophenate « Sulfuric Acid « Methanol 


For more information, turn to Reader Service card, circle No. 363 
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engineers 
specify 


Reevecote 


Insulation 

Low pressure housing 
Meter diaphragms 
Radomes 

Railroad car seals 
Regulator diaphragms 
Soundproofing 
Transmission seals 
Vacuum pump diaphragms 


Air seals 

Bearing seals 

Cable wrapping 

Carburetor diaphragms 

Carrying cases 

Compression diaphragms 

Control diaphragms 

Fuel containers 

Fuel pump diaphragms 

Gaskets Vapor barriers 

Instrument diaphragms Vapor conservation balloons 
Ventilating tubing 


... the one complete source 
of engineered industrial 


coated fabrics 


Whether it's resistance to high temperature, oil or abrasion 
— or flexibility at low temperature or room temperature, 
there's a Reevecote designed to do your job. 

96 different Reevecote styles are in stock at all times! 
Constructed under rigid quality-control standards, each is 
guaranteed to meet the exact listed specifications. 

In addition, full research and development facilities are 
available for new applications, backed by the skills and 
knowledge of fabrics and coatings that only the combination 
of Reeves and Vulcan can supply. Whatever your require- 
ments, specify Reevecote and be sure. 

Write for a copy of the new Reevecote catalog—it’s just off the press. 


ULCAN 


RUBBER PRODUCT 
Reeves Brothers, Inc., Vulcan Rubber Products Div. 
1071 Avenue of the Americas, New York 18, N. Y. 


VULCAN RUBBER PRODUCTS DIVISION 
Reeves Brothers, Inc. 

1071 Avenue of the Americas 

New York 18, N. Y. 


Please send me a copy of your new REEVECOTE catalog. 
NAME sl 
COMPANY : . a 
ADDRESS — pueniianesiangiadainjeni 
ee 
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Improved but unused materials 


To the Editor: 

There is something happening today that I don’t 
quite understand. Your excellent magazine provides 
up-to-date coverage of many new materials that are 
available. Yet few firms seem to be taking advan- 
tage of these materials. 

To cite one small example, an ad on p 32 of 
your Dec ’58 issue points out a method which pro- 
vides improved corrosion resistance for chromium 
plate. I bought a ’59 car a few months ago and 
already the chrome is becoming pitted, even though 
the car is receiving the best of care. It’s quite irri- 
tating to see this happen. Here is only one of many 
areas where new materials and processes apparently 
go unused for many years. 

RICHARD PAULSON 
La Jolla, Calif. 


Perforated article pages 
To the Editor: 

Having been a subscriber to your magazine for 
the past six years, I find the subjects covered of 
great interest, not only from the standpoint of 
information helpful in procurement, but because 
many items published should prove of great value 
to our design engineering department. 

We have a large and diversified engineering 
staff and it would be most helpful if the articles 
covering properties of materials and their possible 
application were printed so as to allow for ready 
tear out by perforations along the binding line. 
We refer you to Aeronautical Purchasing magazine 
as an example. Further, it would be most helpful 
to the writer, and I am sure to others, if your 
company would issue, from time to time, a topical 
and cross reference index of the items appearing in 
your magazine. 

J. A. ALLES 
Director of Purchases 
Emerson Electric Mfg. Co. 


We are aware of the desirability of perforating the 
pages, and we investigated this matter thoroughly 
only to come to the conclusion that the additional 
cost could not be justified at the present time. We 
do publish a semi-annual index in the magazine. 
We hope sometime in the future to develop five- 
year indexes. 


Hard surfacing alloys 
To the Editor: 

In making a comparison chart of hard surfac- 
ing alloys, File Facts, Dec ’59, you omitted one very 
basic material which is usually described as nickel- 
chromium-boron alloy. Produced by several manu- 
facturers today, it was first produced solely by Wall 





TAKES OFF 


ITS HAT 
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Machine, lag, and carriage bolts. 
All sizes. Quick delivery from stock. 


eae 8 STEEL COMPANY, BETHLEHEM, PA. 


Bethlehem e| Export Corporation, 


BETHLEHEM STEEL 


For more information, turn to Reader Service card, circle No. 459 
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General view of the wet laboratory 


WAUKESHA FOUNDRY 
on Your 

VALUE ANALYSIS 
Team for Corrosion 
Resistant Castings 


One phase of Value Analysis is group 
skill in determining how a presently 
satisfactory component can be made 
better with a saving in cost. 


In the alloy castings field, WAUKESHA often serves 
as a member of a manufacturer’s Value Analysis 
Team. With one of the finest metallurgical testing 
and research laboratories manned by scientists 
who are eminent in their field, WAUKESHA can 
and does contribute importantly to the group 
effort of ‘“‘making it better and lower in final cost.” 
Often questions concerning castings and the 
metallurgical problems involved can be answered 
readily by virtue of WAUKESHA’S depth of 
experience. More often the answer will be found in 
WAUKESHA’S Laboratory .. . In any event, 
call us in. You find us an invaluable 
member of your team in 
“developing your castings from 
the blue print to the 
finished component.” 


Vuskecha 


FOUNDRY COMPANY 
5904 Lincoln Avenue 


Waukesha, Wisconsin ——~ 


The carbon analyzer 








WAUKESHA FOUNDRY COMPANY 
Waukesha, Wisconsin 


Gentlemen 
| would like to have a letter giving detailed infor 
mation about Waukesha's foundry and metallurgical 
research facilities 
| would like to hove your field technician call 


NAME 

TITLE 

FIRM 

ADDRESS 

city STATE 8013 
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Colmonoy Corp. They marketed it under several 

“number” designations, according to the amount of 

chromium and boron alloyed with the nickel base. 

The best known of these variations is Colmonoy 
No. 6 alloy. 

WALTER HEMSING 

A. Hemsing, Advertising 

Detroit, Mich. 


Unfortunately our source material failed to mention 
the alloy. 


Coated copper alloy 


To the Editor: 

At present I am conducting an investigation re- 
garding a new method of color coating the items in 
one of our lines. The color coating is used for identi- 
fication only, but it must be corrosion resistant. It is 
desired to precoat the material before manufacturing 
although it is subjected to several stages such as 
blanking, cupping and drawing. The materials in- 
volved could be either copper or brass. 

I would appreciate any information you may 
have regarding this subject. 

LEONARD KNABLIN 
Burndy Corp. 
Omaton Div., 

Norwalk, Conn. 


We suggest a chemical conversion coating such as 
the chromate coating supplied by Allied Research 
Products, Inc., 4004 E. Monument St., Baltimore 5. 
Mad. 


Stainless steel 319 
To the Editor: 

Congratulations on the fine manual on stainless 
steels, Jan ’59. You might have mentioned the new 
experimental type 319 which may be specified in 
place of type 316 and which has more resistance to 
chemical corrosion. The most recent information in- 
dicates it has the same stress values as 316. 

NED F. MorRRIS 
Cincinnati, Ohio 


We hope to publish more information on type 319 in 
a forthcoming issue. 


Magnetic rubber 
To the Editor: 

Regarding a letter of inquiry in the February 
issue, Denmag magnetic rubber is manufactured by 
Denman Rubber Co., Warren, Ohio. 

W. P. GRILLET 
E. I. du Pont de Nemours & Co. 
Pompton Lakes, N. J. 


This information was also supplied by H. W. Wil- 
liams, National U. S. Radiator Corp. and Louis R, 
Zehnder. 








CORPORATION OF AMERICA 








MYCALEX: 410 
glass-bonded mica 


the world’s most nearly perfect 
precision-molded electronic insulation 





“gives high impact strength . . . superior 
insulating value;’in CT" \’s TACAN beacon 


Latest achievement in air navigation and traffic control is TACAN, an advanced radio 
air navigation system developed by ITT LABoraTorigs, Division OF INTERNATIONAL 
TELEPHONE AND TELEGRAPH CORPORATION, for the U. S. Navy and Air Force. 

Prominently featured in the 12 KV discharge switch of TACAN’s ground beacon 
transmitter is MYCALEX 410 glass-bonded mica insulation. Here and in other appli- 
cations, this precision-molded insulation shows exceptional mechanical strength and 
superior electrical resistance. It will withstand operating temperatures to +600°F . . . 
and has total dimensional stability! 

Why was MYCALEX designed into this item? Says ITT: “MYCALEX was selected 
because of its high impact strength and excellent insulating properties, which we found 
to be as good as or better than grade L-4B in ceramic. In addition, the good molding 
properties of MYCALEX made it possible to design the insulator with convolutions 
which increased the creepage path to ground.” 

MYCALEX 410 is one of a wide variety of glass-bonded mica and ceramoplastic 
insulation materials created and perfected by MyCALEX CORPORATION OF AMERICA. 
Whatever insulation characteristics you require, there is a MYCALEX material to meet 
your need. For example, SUPRAMICA® 560 precision-molded ceramoplastic offers 
a maximum operating temperature of +932°F . . .and SUPRAMICA 620 machinable 
ceramoplastic offers a maximum operating temperature of +1550°F, Write today 
for specifics. 

General Offices and Plant: 122-F Clifton Blvd., Clifton, N. J. 
Executive Offices: 30 Rockefeller Plaza, New York 20, N.Y. 


WORLD'S LARGEST MANUFACTURER OF GLASS-BONDED MICA AND CERAMOPLASTIC PRODUCTS 


For more information, turn to Reader Service card, circle No. 516 
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WHATEVER 
MATERIAL 

ADVANTAGES 
YOU NEED... 





Versatile A+ FELTS .... precision engineered to 
meet your exact design specifications .. . have over a thou- 
sand different uses. They form the tight-sealing packing 
and gaskets essential to reliable missile performance. . . 
and insure the safe shipment of delicate instruments by 
cushioning them against shock and vibration. In other 
forms, they filter... insulate... polish... absorb... and 
set new standards in fashion. 


Find out how At Felts can improve your application by 
sending us your design problem. Our engineers will follow 
through promptly. Write: Engineering Dept., American 
Felt Company, 408 Glenville Road, Glenville, Conn. 

Among our famous trademarks: VISTEX —fiber-reinforced gas- 


kets and seals; WINDSOR FELT —nonwoven bonded fabrics; 
HUSHALON —decorative and acoustical wall covering. 


YOU'LL FIND THEM 
at | 


For more information, turn to Reader Service card, circle No. 506 
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AND SUPPLY 
























..AT A GLANCE 


Polycarbonate plastics will be commercially available toward the end of 1960—the scheduled 
completion date of General Electric Co.’s new plant. Production capacity of the new plant 
has not been disclosed; however, industry sources guess at a minimum production of 5 
million pounds per year. The new material is now available in limited quantities at a price 
of $2.35-2.75 per lb. 


Price of tantalum has been cut $25 per Ib by Union Carbide Metals Co., Div. of Union Carbide 
Corp. New price is $35 per Ib. 


There is more than enough mica available to satisfy all demands, according to the Mica Indus- 
try Assn., Inc. The material has erroneously been considered scarce. 


Polypropylene should become more easily available within the next year or two when there 
will be five major U. S. producers. The two latest entries are Montecatini, Inc. (which 
has just announced plans for its first U. S. plant) and Texas Eastman Co. Present and 
expected polypropylene capacity (in millions of pounds) is now: 1) Hercules Powder 
Co., now 20, to go up to 50; 2) AviSun Corp., now 10, to go up to 20; 3) Humble Oil Co., 
40 in early 1960; 4) Texas Eastman, pilot plant; and 5) Montecatini, initially 11. 


Titanium prices have been cut by Du Pont. New prices are: A-1 Grade sponge $1.60 per |b, 
down from $1.82; and A-2 Grade sponge $1.50, down from $1.70. 


Price of silicone rubber has been reduced by Dow Corning Corp. The reduction, the fourth 
since the material’s introduction in 1956, brings the price down to $16 per lb. 


Aluminum production will set a new record in 1959, according to R. E. Reynolds, Jr. The 
president of Reynolds Metals Co. says, primary output should reach 1.9 million tons, or 
13% higher than the record 1.7 million tons produced in 1956. 


Prices have been cut on chlorinated polyether, Hercules Powder Co.’s new corrosion resistant 
thermoplastic. The material is now commercially available at the following prices: 
natural, $3.50 per lb, and olive drab and black, $3.75 per lb, both down from $6 per lb. 


Use of plastics in sheet forming will increase by 10% in 1959, according to Robert Kit- 
teridge, chairman of the Sheet Forming Div., Society of the Plastics Industry, Inc. The 
increase will boost raw materials consumption by about 15 million pounds. 


increased availability of polyviny! acetate emulsions and butadiene-styrene latex wil! result 
from a new plant built by Dewey and Almy Chemical Div., W. R. Grace & Co. According 
to the company, the new plant will have a total capacity of 20 million pounds per year. 


Larger extruded aluminum shapes will be available as a result of a new 5200-ton press 
installed by Aluminum Co. of America. According to Alcoa, the new press will produce 
aluminum shapes with cross sections up to 34 sq in. 
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In commerce 

there is a lot more to zinc than this simple 
definition. First, there are 6 different ASTM Specifica- 
tions. Then, within various industries, there are in- 
numerable “Custom” grades made to the consumer's 


own specifications. 


Thus, the most important factor 
in Zine Production is St. Joe's 
metallurgical control. 


This is the final production stage of St. Joe 
Electrothermic zinc — a continuous vacuum-type 
condenser. There are eleven of them, each serv- 
ing a casting bench. These furnaces are tapped 
every 20 minutes and from each, 1400 Ibs. of 
zinc, perhaps part of your order, flows into the 
ladle. The operator using a small hand ladle 


... the Baird Direct Reading Spectrometer Lab. 
There the samples’ sprues are removed, the 
ends chamferred and automatically machined to 


precise dimensions; they are now test elec- 


trodes 3” long that look like this: 


Extremely high voltage creates an arc across 
the electrodes. As elements are vaporized, light 
from the arc is broken into element lines of 
varying light energy. This energy, directed 
to photomultipliers (photo-sensitive electronic 
tubes), is converted to electrical energy which 
actuates ... 


casts two samples (insert shows samples ap- 
prox. 1/5 actual size) and sends them via a 
Lamson Airtube System to. . . 


A lab technician places the two samples in the 
Spectrometer’s electrode holders, closes the 
door and merely pushes a button. 


ST. JOSEPH LEAD COMPANY = 


eart> 250 PARK AVENUE 


NEW YORK 17, N. Y. 
20 -« 
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St. Joe can practically guarantee that once we 
have “tailor-made” a metal to your own specifica- 
tions, we can supply you with carload after carload 
of zinc, unchanging in analysis. This consistent con- 
trol of grade is one of several reasons why the records 
of our shipments of zinc to continuous galvanizers 
reads like a “Who’s Who” of that industry. 


WE ACCOMPLISH THIS BY A METHOD OF When critical alloying specifications are be- 
HIGH-SPEED ZINC ANALYSIS ing maintained on continuous slab casting, a sample 


analysis can be taken from each tap and composition 
Using a Baird-Atomic Direct Reading Spectro- confirmed before the zinc becomes too cold to pour. 
meter, St. Joe HAS SLASHED ANALYSIS TIME TO 


LESS THAN 10 MINUTES . . . WITH A COMPLETE 
QUANTITATIVE REPORT ON 10 ELEMENTS! 


ee a 


. . » pre-calibrated dials that indicate elements directly IN PERCENT- 

AGES! In five minutes the zinc sample can be completely analyzed for 

iron, lead, cadmium, copper, aluminum, indium, tin, antimony, silicon 

and magnesium. Two minutes later by return tube . . . . . . casting room operators 
have the complete analysis. 
They know whether or not 
critical specifications are 
being maintained. TOTAL 
ELAPSED TIME FROM COLLEC- 
TION OF SAMPLE TO COMPO- 
SITION REPORT — LESS THAN 
10 MINUTES! 


slectro-Thermic ZINC 
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__UNIVERSAL-CYCLOPS STEEL E pant 


... With a New Plant and 





New Cold Finishing Facilities 


at Coshocton, Ohio 


Universal-Cyclops, one of the leading producers of cold rolled 
stainless steel strip, announces the opening of a new plant at 
Coshocton, Ohio, which will supplement our facilities at Bridge- 
ville, Pa., and greatly augment production capacity to meet the 
ever-increasing demands for UNILOY® Stainless Steel. 


Completely new, this modern plant represents a major step in 
our corporate expansion program. It provides the finest facilities, 
production skills, engineering and metallurgical experience. It con- 
forms to the policies maintained throughout our 75 year history, 
to constantly strive for highest quality standards in our products. 


Customer oriented throughout, personnel and equipment are 
geared to meet the needs of our customers. Large stocks of fin- 
ished coils are maintained at all times for prompt delivery. 


UNIVERSAL 
CYCLOPS 


STEEL CORPORATION 
Bridgeville, Pa. 


For more information. circle No. 429 STAINLESS STEELS 
TOOL STEELS + HIGH TEMPERATURE METALS 








The most modern annealing and pickling line in the industry—over 600 ft. long. Handles two coils up to 24” width, 

















Modern four-high cold rolling mill, Temper mill provides top Large stocks of stainless stee 
quality finish, coils—assure prompt deliver: 





20,000 chairs rock on 
(iss) American Springs 
without one failure 


In the American Stee! & Wire Spring 
Testing Laboratory, the springs rec- 
ommended for the Homecrest Chair 
go through extensive tests. This Fa- 
tigue machine, by means of strain- 
gauge verification, simulates years of 
use in a relatively short testing time. 
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Here is the spring recommended by American Steel & Wire for use in this chair. To supplement the AS&W tests, the Homecrest Company 


ta - mai ea 


subjected these springs to a simulated rocking test. Under a weight of 250 pounds, these springs were rocked 750,000 times, without failure. 


Spring Engineering Research Service 


The WHomecrest Company, Wadena, Minnesota, 
wanted to add a swivel rocking chair to their line of 
modern, functional home furniture. However, they would 
produce this chair only if it could be a quality item that 
would give good, dependable service. While designing 
the chair, they checked with the American Steel & Wire 
Spring Engineering Consulting Service. The engineers 
studied the problem, ran extensive tests and finally 
recommended a pair of round wire helical single coil 
torsion springs. Using these springs, Homecrest designed, 
fabricated and marketed the chair. Today 20,000 of 
these chairs have been sold and not one failure of an 
AS&W Spring has been reported. 


Mr. A. L. Englemann, a partner of Homecrest Company, 
says, ‘““We have purchased from American Steel & Wire 
over 45,000 springs, and not one has been reported a 


American Steel & Wire 
Division of 


Columbis-Geneva Stee! Division, San Francisco, Pacific Coast Distributors « Tennessee Coal & iron Division, Fairtield 


failure. We couldn’t be happier with American Steel & 
Wire as a supply source for our springs.”’ 


If you have a spring problem, or would like advice on 
the use of springs in your product, get in touch with 
any American Steel & Wire Sales Office. You can 
benefit from the knowledge of AS&W’s Spring Engi- 
neering Research Service. The Service has been engaged 
in laboratory experiments of static and dynamic testing 
for 20 years and has accumulated invaluable data on 
stress and fatigue life of steel springs, while endeavoring 
to improve efficiency in the use of steels, from steel 
chemistry through product application, to more eco- 
nomically cope with today’s rigorous demands. This 
accumulated knowledge of the AS&W Spring Engineer- 
ing Research Service is at your disposal. American Steel 
& Wire, 614 Superior Ave., N.W., Cleveland 13, Ohio. 


USS and American are registered trademarks 


United States Steel 


Ala., Southern Distributors © United Stetes Stee! Export Company, Distributors Abrosd 


For more information, turn to Reader Service card, circle No. 478 
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Deep-Forming 
Galvanized Steel Sheets 
and the zinc stays on 


The body and breast of this pressure spray 
tank is fabricated from one piece of 24-gage 
Galvanized Steel Sheet. A 20” circle blank 
is cut from the sheet. It is drawn 614” deep 
and then reverse drawn to 1134” deep by 
73/4,” wide—the finished size of the tank. 

Standard Container, Inc., of Rockaway, 
New Jersey, seiected USS Galvanized 
Steel for the tank because during the form 
ing and punching operations, the zinc does 
not flake off the base metal. This remark- 
able adherence of zinc comes from the hot 
dip process of coating USS Galvanized 
Steel. The process makes a bond between 
zinc and base metal that is virtually in- 
separable. This, and the fine ductility of 
USS Galvanized Steel Sheets make them 
ideal for severe fabrication. 

Give your product the added quality 
provided by USS Galvanized Steel Sheets. 
Contact your local U.S. Steel Sales Office 
or the steel warehouse serving your area 


USS is a registered trac 


United States Stee! Corporation — Pittsburgh 
American Steel & Wire — Cleveland 
Columbia-Geneva Stee! — San Francisco 

Tennessee Coal & iron —Fairfield, Alabama 

United States Stee! Supply — Stee! Service Centers 
United States Stee! Export Company 


d States Steel 





Now, reflect up to 1750°F radiant heat 
from SWEDLOW metallized laminates 


Compound shapes—minimum weight and bulk—highly 
efficient reflectivity —distinguish these materials and solve 
the problem of resistance to elevated temperatures. 


Swedlow’s solution for light weight heat protection problems uses a base 
of fiberglass fillers. To these are added any of an impressive variety of 
silicone, phenolic, epoxy, TAC polyester or polyester binders to meet specific 
service conditions. The resulting high-strength laminate is furnished flat or 
molded to any contour desired. Metallic coatings then further increase heat 
reflectivity and resistance. Swedlow-pioneered Type -101 aluminum coating 
is now in wide use for the 200°F to 1400°F range. The more recently devel- 
oped Type -603 gold now raises the limit to approximately 1750°F. 
Swedlow research is continuing the development of many combinations for 
the growing variety of aircraft, missile and electronic applications. To learn 
how these new materials can help solve your heat problems, contact the 
Swedlow plant nearest you. Or send for new literature—“Radiant Heat 
Reflective Laminates,’ Please refer to Dept. 18. 


SWEDLOW Inc. sonccess ne! 


Furnace Temperature —°F Formerly Swedlow Plastics Company 
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looking for thin walls in big diameters? 


A-L now offers a wide range of stainless 


seamless tubing with walls as thin as .013”. 


From what other source would you expect to get stainless 
seamless tubing of 32’’ OD with walls as thin as .058’ and 
in the widest range of materials anywhere to fit a broad 
range of requirements in new products and processes? 
Allegheny Stainless Tubing ranges from %6’’ OD to 32"’ 
OD with wall thickness from .013’’ to .375’’. Typical of 
the specials A-L can make are 242’ OD—.032”’ wall thick- 
ness, 3’ OD—.042”’ wall thickness and 3%’ OD—.058”’ 
wall thickness. All sizes with true circularity, no dents or 
handling marks. 
Stainless seamless tubing is made in all stainless grades 
including 309, 317, 318, 310, 416 and 446—normally 


wsw 7626 


difficult to obtain. For special high-temperature applica- 
tions, A-L produces tubing in high-strength alloys such as 
A-286, and in vacuum melted steels and alloys. Also in 
custom analyses such as low cobalt (.01-.05) grades and 
with boron additions to standard grades. 

A-L also makes composite tubes with bonded combina- 
tions of carbon and stainless steels and other metals for 
unusual corrosion applications in process equipment. 

Allegheny Ludlum Tubing is available in small orders in 
random or cut lengths. Standard grades in stock through- 
out the country. 

Write for your copy of Allegheny Ludlum Stainless Tub- 
ing, or call your A-L representative for all the help'you need. 
Allegheny Ludlum Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. Address Dept. MM-20. 


NEW! 

FREE—A-L’s new book on stainless 
tubing 32-pages of technical data, 
sizes, gradesand suggested applications. 


ALLEGHENY LUDLUM 


for warehouse delivery of Allegheny Stainless, call RYERSON 
Export distribution: AIRCO INTERNATIONAL 


EVERY FORM OF STAINLESS .. 


- EVERY HELP IN USING IT 
€ For more information, circle No. 384 


For more information, turn to Reader Service card, circle No. 485 
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Francis E. Blod specifies 


To give kitchen storage added utility 
and exciting style that blends with 
modern day kitchen appliances 
nationally known industrial de 


*K 


signer Francis Blod has taken ad Sie 
vantage of Sharonart*, to achieve 
the clean line, functional and highly 
attractive kitchen storage unit shown 
on these pages. 
A recipient of many national 
design awards, Mr. Blod is a Board 
Member and President Emeritus of 


the Package Designers Council 
graduate and member of the Board 
of Trustees of the School of Design 
of Pratt Institute 


or the kitchen 


of tomorrow... 


Sharonart*, Sharon’s exciting 
new surface patterned steel, 


is stimulating the imaginations of leading designers everywhere. 


It has all the strength, economy and forming advantages 

of steel, plus the mar resistance and added beauty of a textured surface. 
Ideal for wear areas, it permits model changing without retooling. 
Available in dozens of patterns, Sharonart* can be made in 

almost any special pattern to suit design requirements. 

Patterns are rolled in plain carbon steel or in stainless steel. 

Literature and samples available 
upon request from the Sharon 
representative in your area 

by writing direct to the 

Sharon Steel Corporation, 
Sharon, Pa. 





*™ 











Rotating cu;board accomodates both dishes and glass- 
ware providing organization and ready access while 
preventing chipping. Sliding Sharonart* panel 
utility section provides storage for outsized objects. 
Pull-out bins offer ready accessibility to staple 
vegetables as well as pots and pans. Protruding 
handles are eliminated through the use of pressure 
sensitive spring loaded closures and recessed pulls. 
Trim look of Blod designed kitchen unit includes flat- 
ware and linen drawers and automatic Sharonart* 
stainless steel cannisters adjusted to dispense pre- 
measured amounts of dry foods, spices, ete. 









































| SHARON O:4y STEEL-<> 


For more information, turn to Reader Service card, circle No. 476 





GENERAL AMERICAN TRANSPORTATION 
135 South LaSalle Street ¢ 


Kanigen coated pneumatic gate valve 
shows how Kanigen can be used to 
plate complex shapes. 


KANIGEN is a chemically and metallurgically 
unique process that provides an extremely uni- 
form, hard, corrosion and abrasion-resistant nickel 
alloy surface on most metals. You obtain practi- 
cally the same end result with inexpensive, easily 
machined and fabricated materials that you do 


Butterfly valve assembly, Kanigen- 
coated for corrosion and abrasion 
resistance. 


with expensive, difficult-to-work alloys. Where 
weight is a factor, KANIGEN-coated aluminum 
and aluminum alloys offer great advantages. 


General American offers KANIGEN at Sharon, 
Pennsylvania; East Chicago, Indiana, and 
Compton, California and from licensees. Large 
production facilities for the plating of KANIGEN 
on iron, aluminum, copper, titanium and their 
alloys are available. Pilot-scale facilities for plating 
magnesium, beryllium, uranium, plastics and ce- 
ramics are maintained at our laboratory. For 
further information, call or write. You’ll find 7 
pays to plan with General American. 


KANIGEN is a trademark which identifies chemical 
nickel coating by General American Transportation Cor- 
poration and its licensees, the product resulting therefrom 
and compositions produced by them for use in chemical 
nickel coating. 


KANIGEN 


KANIGEN DIVISION 


For more information, turn to Reader Service card, circle No. 494 
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Chicago 90, Illinois 


For more information, circle No. 
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THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 


. 
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Need color in a weather-resistant rubber product? 


PARACRIL” OZO will give you all the color you want...any 
color...permanent, gleaming color for every kind of rubber 
product, from electric wire to oil pump hose to shoe soles. 
Now you can give your product powerful extra selling 
features...color that attracts, that warns, that identifies, 
that helps emphasize or hide. 
Along with color, PARACRIL OZO gives you a combina- 


tion of weather resistance, abrasion resistance, oil resist- 
ance, flex life and other valuable rubber properties far 
surpassing conventional weather-resistant rubbers. 

See if your product doesn’t call for PARACRIL OZO. 
To find out more about this proven new rubber and the 
properties it offers your product, contact your Naugatuck 
Representative or write us today. 


Naugatuck Chemical 





Division of United States Rubber Company na 


Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber ~ Latices 


84I1P Elm Street 


ugatuck, Connecticut 


CANADA Naugatuck Chemicals Division, Dominion Rubber Co. Lid. Elmira, Ontario - CABLE Rubexpert, WY 








%" DIAMETER HOT ROLLED BAR 
63 HOT ROLLED SHEET 


TITANIUM 
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TITANIUM 











COMPETITIVE NICKEL BASE ALLOY 








COMPETITIVE NICKEL BASE AL 


Cost per square foot 





















































Based on Quantities <= 101 


WITH NICKEL BASE ALLOYS 


For industrial applications, 
Titanium offers important savings 


Titanium prices have come tumbling down . . . to the point where 
you can actually save money by specifying and using Titanium where 
you are now using nickel base alloys. 

A 52% price reduction has already been realized in the last five 
years. And the best part of it is that Titanium prices can be expected 
to go still lower while other metals will probably increase in price. 

This will be possible because of improved melting practice and 
rolling techniques, plus increased production as more and more users 
become familiar with Titanium’s corrosion-proof characteristics, 
increased service life, and reduced downtime advantages. 

Mallory-Sharon will gladly work with you in designing Titanium 
into your products or applications and will be pleased to show your 
production men how easy it is to form, machine, weld or fabricate 
Mallory-Sharon Titanium. 

—— a Write us, now, so that you can start at once to save with Titanium. 


Cutting Ideas in Titanium” for 
* The Pulp and Paper Industry 


* Chemical Valves, Pumps and Accessories 
: Same ia MALLORY SHARON 
Address: Commercial Market Development, 

Department C, Mallory-Sharon Metals 

Corporation, Niles, Ohio MALLORY-SHARON METALS CORPORATION - NILES, OHIO 


t integrated producer of Titanium + Zirconium + Special Metals 


ep 


—_ 
2 


For more informotion, turn to Reader Service card, circle No. 442 
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Reader Service 


helps you get up-to-date technical bulletins 


and details on advertised products 


USE THESE 
POST-FREE CARDS 
TO REQUEST... 


FREE 
SUPPLIERS’ 
LITERATURE... 


a. 


from the selected list of new 
bulletins reviewed under 
Technical Literature which 
follows this insert (p 38). 
You will also find, under 
subject headings, a cumulative 
list of current technical 
literature suitable for your 
reference files. To obtain 
bulletins, simply circle the 
appropriate numbers on one of 
the free return postal cards 
and drop it in the mail. 


INFORMATION ON 
ADVERTISED 
PRODUCTS... 


which will also be forwarded 
to you if you will circle on 
the free return postal card 
the code numbers that appear 
with the advertisements in 
which you are interested. 


Want Manuals? 


Reader Service will fill orders 
for both Materials & Methods 
and MATERIALS IN DESIGN 
ENGINEERING Manuals. All 
Manuals are reprinted and are 
available for a nominal 
handling charge. For an order 
blank and a list of Manuals 
still available, see page 142. 
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1. FREE 
SUPPLIERS’ 


LITERATURE... 


from the selected list of new 
bulletins reviewed under 
Technical Literature which 
follows this insert (p 38). 
You will also find, under 
subject headings, a cumulative 
list of current technical 
literature suitable for your 
reference files. To obtain 
bulletins, simply circle the 
appropriate numbers on one of 
the free return postal cards 
and drop it in the mail. 
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ADVERTISED 


PRODUCTS... 


which will also be forwarded 
to you if you will circle on 
the free return postal card 
the code numbers that appear 
with the advertisements in 
which you are interested. 
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Reader Service will fill orders 
for both Materials & Methods 
and MATERIALS IN DESIGN 
ENGINEERING Manuals. All 
Manuals are reprinted and are 
available for a nominal 
handling charge. For an order 
blank and a list of Manuals 
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... and related products ... 
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Ferroalloys 

Finishing machines 
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Foam, urethane 77, 182, 204 

Forgings ..inside front cover, 
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High temperature materials... 28 

165, 179 
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Indium and its alloys 
Insulation 
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Polyethylenes 
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Platinum and platinum group alloys 
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Precision parts, metal 174 
Precoated & preplated metals. .26-27, 
45-48, 49, 52 
Quartz, fused 
Refractory materials 
Resistance alloys 
Rivets, tubular 
Rubber, silicone 
Rubber, synthetic ....33, 65, inside 
back cover, 141, 190 


Silicones 
Spinnings 
Spring materials ........ 24-25, 158 
Stampings, punchings 206, 211 
Steel 
Heat & corrosion resistant. . 22-23, 
29, 43, 76, 86-87, 137, 181 
Low alloy 54-55, 62-63, 69, 
86-87, 183 
Specialty 
Surface patterned 
Tool and die... .outside back cover 
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Testing equipment 184, 192 

Tin and its alloys 200 
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Tooling, plastics 8 
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57, 173, 210 
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Suppliers’ Literature 
Books, p 208 
Reports, p 210 


TECHNICAL LITERATURE 


Suppliers’ New Bulletins 





Tungsten Carbide. Adamas Carbide Corp., 1 p 
Information on the selection and application 
of various grades of tungsten carbide 1 
Moly Disulfide Lubricants. Alpha-Molycote 
Corp., 4 pp, No. 121. Evaluates molybdenum 
disulfide lubricants on the basis of tempera- 
ture, environment, method of application and 
incorporation into common materials 2 
Machining Beryliium. Alsca Beryllium Machin- 
ing Corp., 6 pp, illus. Describes facilities for 
close tolerance machining of beryllium 
parts 3 
Drawn Aluminum Cans. American Aluminum 
Co., 8 pp, No. B. Information on material 
tolerances, finishes and prices of standard 
drawn round aluminum cans a 
Fabricated Metal Products. American Brass 
Co., Fabricated Metal Goods Div., 8 pp, illus., 
No. BG-5. Information on fabricated metal 
products made of copper, brass, bronze, nickel 
silver, iron, steel, stainless steel and alu- 
minum 

Aluminum-Coated Wires. Page Steel & Wire 
Div.. American Chain & Cable Co., Inc., 6 
pp, illus.. No. DH-53 7B. Properties and uses 
of hot-dip and aluminum-coated steel wires 
and wire products 6 
Weided Assemblies. American Welding & Mfg 
Co., Industrial Products Div., 60 pp, illus 
Sizes, weights and features of welded precision 
assemblies made of ferrous and nonferrous 
metals 7 
Stainless Steel Tubing. Babcock & Wilcox Co., 
Tubular Products Div., 8 pp, No. TDC-190. 
Information on tubing, fittings and flanges 
made of 18-8 stainless steels. Physical and 
mechanical properties. and corrosion and 
oxidation resistance of the 18-8 series. 8 
Filter Elements. Bendix Aviation Corp., Filter 
Div., 4 pp, illus., No. BFD-48. Describes nine 
basic metallic and nonmetallic filter element 
materials for air, gas and liquid filtration. 9 
ABS Plastics. Marbon Chemical Co., Div. of 
Borg-Warner Corp., 8 pp, illus. Mechanical 
thermal and electrical properties, and uses of 
four types of ABS plastics 10 
Beryllium Oxide. Brush Beryllium Co.. 12 pp 
Physical, mechanical, thermal, nuclear and 
electrical properties, and uses of beryllium 
oxide 11 


Piastics Sheet, Rods. Cadillac Plastic & Chem- 
ical Co., 64 pp. Sizes, weights. color ranges, 
textures, grades and prices of plastics sheets, 
rods, tubes and films 12 


Maintenance Coatings. Carboline Co, 4 pp 
Compares 17 standard maintenance coating 
systems showing the strong and weak points 
of each. 13 


Silicon Carbide-Bonded Graphite. Carborun- 
dum Co., Research & Development Div., 4 pp 
illus. Erosion resistance, composition, fabri- 
cability, and physical and mechanical prop- 
erties of silicon carbide-bonded graphite. 14 


Electrical Insulation. Case Bros., Inc., 20 pp 
Series of data sheets give outstanding prop- 
erties and principal uses of electrical insulat- 
ing papers and boards. Each data sheet con- 
tains a sample 15 


TFE Tape. Chemo Products, Inc., 1 p. Thick- 
ness, length, weight and width of skived TFE 
tapes. 16 
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Chromalloy Corp., 4 pp 
illus.. No. 30. Composition, fracture charac- 
teristics and fabricability of a super pure 
(99.997 ) chromium metal called Iochrome. 17 
Gray tron Castings. Elyria Foundry Div., 
Chromalloy Corp., 4 pp., illus. Shows medium 
gray iron castings in weights from 41 to 
1900 lb 18 
Colored Plastics Parts. Colorite Industrial 
Dyers. 6 pp, illus. Information on dyeing of 
acetal, acrylic, melamine, phenolic, polyester 
nylon, polyethylene, polypropylene and vinyl 
plastics parts is 
Silicone Rubber Extrusions. Connecticut Hard 
Rubber Co., 28 pp, illus., No. 2. Cross-sec- 
tional drawings showing dimensions of stand- 
ard silicone rubber extrusions 20 
Nonferrous Metals. Consolidated Mining & 
Smelting Co. of Canada Ltd. Metal Sales 
Div., 16 pp, illus. Information on high purity 
tin, indium, lead, zinc, silver, cadmium, bis- 
muth and antimony. 21 
Stainless Steels. Cooper Alloy Corp., 10 pp, 
illus. Composition ranges, mechanical prop- 
erties, corrosion resistance and high tempera- 
ture mechanical properties of molybdenum- 
containing 18-8 type stainless steels. 22 
Steei Aircraft Tubing. Ohio Seamless Tube 
Div., Copperweld Steel Co., 70 pp, No. A-2 
Definitions, military and AMS specifications, 
sizes, tolerances, testing, machining, heat 
treating and properties of seamless aircraft 
tubing made of carbon and alloy steels. 23 
Hydraulic Packings. Crane Packing Co., 16 
pp, illus., No. P-333. Specifications and design 
data for fabric reinforced and homogeneous 
rubber hydraulic packings, v-rings, u-cup 
packings and piston cup packings 24 
Data on Steel. Crucible Steel Co. of America, 
73 pp, illus. Composition, heat treatment, and 
weight and conversion tables for tool, stain- 
less, heat resisting. carbon, alloy, and special 
purpose steels 25 
Rubber, Plastics Products. Dayton Rubber Co., 
24 pp, illus. Informaticn on such rubber and 
plastics products as rubberized fabrics, plas- 
tics coatings, plastics adhesives, rubber tapes 
and plastics sheets, rods and tubes. 26 
Stee! Castings. Dodge Steel Co., 4 pp. Specifi- 
cations and surface finishes for steel castings. 
Includes hardness conversion tables for 
steel 27 
Fabricating Magnesium Alloys. Dow Chemical 
Co., Magnesium Products Sales Dept., 28 pp. 
illus., No. 141-204. Recommended practices for 
machining, forming and joining magnesium 
alloys of the thorium and rare earth metal 
families 23 
Viton Rubber. E. I. du Pont de Nemours & 
Co., Inc., Elastomer Chemicals Dept., 12 pp. 
illus., No. 87. April issue of “‘Elastomer’s Note- 
book” gives up-to-date information on chemi- 
cal resistance of Viton rubber. 29 
TFE-impregnated Felt. E. I. du Pont de 
Nemours & Co., Inc., Pabrics Div., 4 pp. Heat 
and chemical resistance, mechanical prop- 
erties and potential uses of TPE fluorocarbon 
felts impregnated with TFE resin. 30 
Eastman Chemical 


Chromium Metal. 


High Strength Adhesive. 
Products, Inc., 12 pp, illus., No. R-103. Ap- 
plication data, physical properties, heat and 
chemical resistance, and tensile properties of 
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bonds made with a high 
called 910 

Machining Aluminum. Peter A. Frasse & Co., 
Inc., 2 pp. Aluminum machining charts pro- 
vide tables of recommended speeds and feeds 
for 6 different machining operations: form- 
ing, turning, drilling, boring, reaming and 
cutting 32 


Dry Bearing 


strength adhesive 
31 


Materia!. United States Gasket 
Plastics Div., Garlock Packing Co., 4 pp, No 
DU458A. Sizes, dimensions, tolerances and 
clearances for bushings made of a dry bear- 
ing material composed of bronze, lead and 
TFE resin 33 
Cemented Carbides. General Electric Co 
Metallurgical Products Dept., Detroit 32, 158 
pp. illus. Information on cemented carbides, 
tools, standard blanks, tool holders and in- 
serts. Information also on cemented oxide 
blanks. Write on company letterhead directly 
to GE’s Metallurgical Products Dept. 

Silicone Products. General Electric Co., Sili- 
cone Products Dept., 8 pp, illus., No. CDS- 
129A. Advantages and uses of silicome rub- 
bers, electrical insulation, paint products, 
textile finishes and surface coatings for 
ceramics, glass and glass fabrics 34 
Forming Thermoplastic Sheet. General Tire 
& Rubber Co., Bolta Products Div., 48 pp 
illus. Discusses low pressure forming of 
thermoplastic sheet. Covers such subjects as 
materials, forming methods, machining and 
trimming, design and cost. 35 
Polyurethane Rubber. General Tire & Rubber 
Co., Chemical Div., 24 pp, illus. Thermal 
stability, solvent resistance, adhesion and 
compounding of a polyurethane rubber called 
Denthane-S. 36 
Polystyrene Foam. Gilman Bros. Co., 2 pp, 
illus. Sizes and shapes, advantages, installa- 
tion data and uses of an expanded poly- 
styrene foam insulation. 37 
Masterbatch Synthetic Rubbers. Goodrich- 
Gulf Chemicals, Inc., 16 pp. Specifications for 
7 types of black masterbatch synthetic rub- 
bers 38 
Filament Wound Plastics. Hercules Powder 
Co., Young Development Div., Explosives 
Dept., 8 pp. Describes facilities, operations 
and products of Young Development Div 
Streneth-to-weight ratio, corrosion resistance 
and physical properties of fiber glass and 
epoxy resin products fabricated by filament 
winding techniques 39 
Polyurethane Foam. Isocyanate Products, Inc 
8 pp. Mechanical, electrical and thermal 
properties, storage and handling character- 
istics of a two-component polyether based 
urethane resin foaming system that produces 
rigid urethane foams 40 
Aluminum Magnet Wire. Kaiser Aluminum & 
Chemical Sales, Inc., 6 pp, illus. Properties, 
insulation characteristics and standard tech- 
niques for winding and connecting aluminum 
magnet wire 41 
Drum Linings. Lining Engineering Corp., Div 
of Lithcote Corp., 8 pp. Specifications, ap- 
plication data and baking instructions for 
protective linings used in pails and drums. 42 
Alloy Wires. Little Falls Alloys, Inc. Three 
folders give information on physical, chemical 
and electrical properties of nickel clad 
titanium, bronze, brass and beryllium copper 
wire 43 
Uranium and Thorium Foil. M & C Nuclear, 
Inc., 1 p, illus., No. NU-7. Information on 
uranium and thorium foil a4 





Turning, Cutting Tools. Metal Carbides Corp., 
14 pp, No. D-56. Sizes, prices, machining 


practices and advantages of turning and cut- 
made of a synthetic sapphire 
45 


ting tools 
substance. 
Mica Paper Insulation. Mica Insulator, Div 
of Minnesota Mining & Mfg. Co., 26 pp, illus. 
Sizes. weights, specifications, uses and prop- 
erties of mica paper tapes, tubing, sheets and 
plate. 46 
Custom Molded Plastics. Monsanto Chemical 
Co., Plastics Div.. 7 pp. Information on how 
to buy custom molded plastics parts. 47 
ABS Plastic. O'Sullivan Rubber Corp., 6 pp, 
illus. Physical, chemical] and electrical prop- 
erties, and uses of an ABS plastic for thermo- 
formed products 48 
Deep Drawn Parts. Peterson Products Corp., 
16 pp, illus. Information on ferrous and non- 
ferrous deep drawn parts and metal stamp- 
ings made to customer specifications. 49 
Glass-Coated Ductile Iron. Pfaudler Co., Div 
of Pfaudler Permutit Inc., 2 pp, illus., No 
977. Strength, thermal shock and corrosion 
resistance, and specifications for glass-coated 
ductile iron fittings. 

Copper Forgings. Philadelphia Bronze & Brass 
Corp., 4 pp, illus. Physical properties, charac- 
teristics, applications and specifications for 
certified OFHC copper forgings. Information 
also on electrolytic copper castings. 51 
Polycarbonate Mill Shapes. Polymer Corp. of 
Pa.. 2 pp, illus. Physical, thermal, chemical 
and electrical properties, machinability and 
uses of polycarbonate mill shapes. 52 
Cold Finished Shapes. Vulcan-Kidd Steel Div., 
H. K. Porter Co., Inc., 4 pp, illus. Advantages 
and uses of custom cold finished special 
shapes made of carbon, alloy and tool steels. 53 
Sealing Compound. Radiator Specialty Co., 12 
pp, illus., No. 7009. Uses, properties and ad- 
vantages of a sealing compound called Tite- 
seal 54 
Electrostatic Painting. Ransburg Electro- 
Coating Corp., 4 pp, illus. Describes an elec- 
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irons & Steels 
e Parts e Forms 


tron Powder. Alan Wood Steel Co., 5 pp, illus. 
Molding and sintering properties of iron pow- 
der made by the H-Iron process. 78 
Wrought tron Alloy. Allegheny Ludlum Steel 
Corp., 16 pp, illus. Chemical, thermal and 
mechanical properties of a wrought iron- 
chromium-manganese austenitic alloy contain- 
ing boron. 73 
Manganese Steel Products. American Manga- 
nese Steel Div., American Brake Shoe Co., 16 
pp, illus., No. 2. Information on the use of 
manganese steel for hard facing and for con- 
struction equipment. 80 
Ductile tron Parts. American Cast Iron Pipe 
Co., Special Products Div., 36 pp, illus. 
Grades, dimensions, weights, uses and specifi- 
cations for ductile iron piping, rolls and 
other parts 81 
Stainless Steels. Armco Steel Corp., 6 pp, illus. 
Information on new grades of stainless steel 
and new facilities for producing stainless steel 
shapes. Information also on surface finishes 
for stainless steel 82 
Stainless Steel Parts. G. O. Carlson Inc., 2 pp, 
illus. Shows typical stainless steel items pro- 
duced to customer specifications. 83 
Staint Cond Tubing. Carpenter Steel 
Co., Alloy Tube Div., 10 pp. Advantages of 
stainless steel tubing for use in condensers. 84 
Electric Furnace Steels. Copperweld Steel Co., 
Aristoloy Steel Div., 48 pp, illus. Facilities of 
company for melting, rolling, finishing, heat 
treating and conditioning electric furnace 
steels. Rolling limits and chemical analysis 
are also given 

Boron Stainless Steel. 
Coppedweld Steel Co., 8 pp, illus. No. 57. 
Chemical composition, microstructure, corro- 
sion resistance, machinability and mechanical 
properties of a boron stainless steel for nu- 
clear reactors. 86 
Castings. Curtiss-Wright Corp., Metals Proc- 
essing Div., 10 pp, illus. Facilities for research 
development and production of castings. 87 
Expanded Metal. Designers Metal Corp., 8 pp, 
illus.. No. 4581. Patterns, sizes and uses of 
anodized, plated and painted ferrous and non- 





Superior Steel Div., 


trostatic hand gun for spray painting hard- 
ware, appliances, metal furniture and other 
products. 5s 
Adhesives, Coatings. Raybestos-Manhattan, 
Inc., Adhesives Dept., 16 pp, illus., No. 700 
Properties and uses of adhesives, coatings 
and sealers manufactured by the company. 56 
Asbestos-Plastics Parts. Raybestos-Manhattan, 
Inc., Equipment Sales Div., 10 pp, illus., No 
200. Physical properties, machinability, chemi- 
cal resistance and uses of an asbestos-rein- 
forced thermosetting plastic 57 
Machining Aluminum. Reynolds Metals Co., 
32 pp, illus. Discusses external cutting, form- 
ing, end working, internal cutting, threading, 
knurling and cutting of aluminum 


Coating for Aluminum. Sanford Process Co., 
Inc., 4 pp, Ulus. Heat and abrasion resistance, 
ductility, tolerances, specifications, tensile 
strength and corrosion resistance of a hard 
coating used on aluminum. 59 
Spun, Wydroformed Parts. J. Schrader Co., 
12 pp. Shows how spinning and hydroforming 
cuts tooling costs on short run and odd 
shaped parts made of ferrous and nonferrous 
metals 

Cast tron. Sorbo-Mat Process Engineers, 18 
pp, illus. Physical and mechanical properties, 
composition and uses of ‘controlled specifica- 
tion’’ cast irons. 61 
Nuclear Products. Standard Pressed Steel Co., 
Aircraft/Missile & Nuclear Components Div. 
Facilities for making and finishing small and 
large nuclear products. 62 
Stainless Steel Tubing. Superior Tube Co., 4 
pp, No. 120. Describes small tubing drawn 
from PH 15-7 Mo stainless steel. Gives chemi- 
cal composition and outstanding character- 
istics of the stainless steel. 

Gold Electroplate. Technic, Inc., 4 pp. Appli- 
cation data for a bright gold electroplate used 
on waveguides, contacts, printed circuitry and 
other electronic parts. 


Copper-Cored Wire. Metals & Controls Corp., 
Div. of Texas Instruments Inc., pp, No. 


ferrous expanded metal. Shows typical appli- 
cations. 88 
Permanent Mold Castings. Eaton Mfg. Co., 
Foundry Div., 18 pp. illus. Describes Eaton 
permanent mold process for producing gray 
iron castings. 
Rolied Steel Rings. Edgewater Steel Co., 12 
pp, illus. Representative sections and dimen- 
sions of rolled steel rings. Describes process 
by which rings are formed from solid blocks 
of steel. 90 
Perforated Metal Sheets. Harrington & King 
Perforating Co., Inc., 6 pp, illus. Sizes, gages 
and materials of perforated metal sheets 
carried in stock. 91 
Stainless Steel Fasteners. Huck Mfg. Co., 2 
pp, illus. Heat resistance and strength of 
stainless and alloy steel, and titanium fasten- 
ers. 
Drawn Metal Shapes. Hydroforming Co. of 
America, 6 pp, illus. Economies achieved with 
Hydroforming, a custom, deep drawing serv- 
ice. 93 
Stainless Steel, Strip. Jones & Laughlin Steel 
Corp., Stainless & Strip Div., 4 pp, illus. 
Shows facilities for producing stainless steel 
sheet and strip to extremely close tolerances. 
94 


Steei Bars. La Salle Steel Co. 5 pp. Wall 
chart listing machinability ratings and weight 
of all AISI grades of cold-finished steel 
bars. 95 
Clad Steels. Lukens Steel Co., 32 pp, illus. 
Mechanical and chemical properties, sizes, 
uses, design information and fabrication data 
for a series of nickel, stainless steel, Inconel 
and monel-clad steels. 96 
Malieable iron Castings. Malleable Founders 
Society, 8 pp, illus. Design considerations, ma- 
chinability, and impact and corrosion resist- 
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IND-21. Physical and mechanical properties, 
coefficients of expansion, applications, forms 
and sizes of copper-cored alloy glass sealing 
wire. 65 


Synthetic Fiber Felts. Troy Blanket Mills, In- 
dustrial Div., 8 pp, illus. Strength, dimen- 
sional stability, wear, moisture and chemical 
resistance, and uses of a nonwoven synthetic 
fiber felt made of Dacron, Orlon and other 
synthetic fibers. 66 


Removable Coating. Turco Products, Inc., 2 
pp, No. 67. Describes a solvent or alkali re- 
movable coating for in-shop protection of 
metallic and nonmetallic surfaces during stor- 
age, forming and fabricating operations. 67 


Columbium in Steel. Union Carbide Metals 
Co., Div. of Union Carbide Corp., 4 pp. Dis- 
cusses the use of ferrocolumbium in carbon 
and low alloy steels, high temperature alloys, 
stainless steel and plain chromium steels. 68 


Reinforced Epoxy Resins. Union Carbide Plas- 
tics Co., Div. of Union Carbide Corp., 8 pp, 
No. 7. Describes fast-cure epoxy resins and 
newly developed spray equipment for produc- 
ing reinforced epoxy parts 69 


High Strength Steels. United States Steel 
Corp., 164 pp, illus. Discusses the essential 
principles of structural design and _ gives 
formulas, charts and tables to assist engi- 
neers in designing for high strength steels. 70 


Sintered Metallic Oxides. 
Co., Alite Div., 8 pp, illus., No. A-7R. Elec- 
trical characteristics, size limitations, dimen- 
sional tolerances, chemical and heat resisi- 
ance, and physical properties for a series of 
sintered metallic oxides called Alite 71 


Cadmium, Lead and Tin Products. White 
Metal Rolling & Stamping Corp., 4 pp. Prop- 
erties and uses of cadmium, lead and tin 
sheets, plates, strips, wires and rods. 72 


Metal Stampings. Zierick Mfg. Co., 58 pp, 
illus. Information on over 500 ferrous and 
nonferrous metal stampings and wire forms 
hot tinned for easy soldering. 73 


U. 8. Stoneware 


ance of standard and pearlitic malleable iron 
castings. 97 
Malleable Iron Castings. National Malleable 
& Steel Castings Co., 8 pp, illus. Describes 
the manufacture of HTM pearlitic malleable 
iron castings. Includes chemical composition, 
physical properties and machinability. 98 
Jacketed Steel Wire. National-Standard Co., 8 
pp., illus, No. K-10. Uses, tensile strength 
and heat resistance of nickel and brass-coated 
steel wire. 99 
Zine-Coated Steel. Weirton Steel Co., Div. of 
National Steel Corp., 12 pp, illus. Installation 
data, specifications, uses and characteristics 
of zinc-coated steel. 100 
Reduced tron Powder. Nationai-U.S. Radiator 
Corp., Plastic Metals Div., 4 pp. Properties of 
Plast-Iron Grade B-261 reduced iron powder 
used in making sintered compacts. 101 
Deep Drawn Parts. Pressed Steel Tank Co., 
16 pp, illus. Uses of Hackney metal contain- 
ers and deep drawn parts. 102 
tron Powders. Pyron Corp. 8 pp, illus 
Chemical and physical properties, and com- 
position of hydrogen-reduced iron powders. 103 
tron Powders. Republic Steel Corp., Metal 
Powder Div., 52 pp, illus. No. ADV 1014 
Physical properties, uses, chemical composi- 
tion and availability of four iron powders. 104 
Stainiess Steel Tubing. Republic Steel Corp., 
Steel & Tubes Div., 12 pp, illus. Technical 
points to be considered when purchasing or 
specifying welded stainless steel tubing. 105 
Steel Tubing Weight Tables. Revere Copper & 
Brass Inc., 14 pp. Dimensions and weights for 
hot finished and cold drawn round steel tub- 
ing. 106 
Bolts, Forgings. Rhode Island Tool Co., 26 pp, 
illus., No. 75. Dimensions, properties, prices 
and uses for drop and upset forgings, eye and 
special bolts, studs, cap screws and nuts. 107 
Metal Stampings. Dayton Rogers Mfg. Co., 8 
pp, illus. Case histories showing cost savings 
achieved with ferrous and nonferrous metal 
stampings. 108 
Fabricated Alloys. Rolock, Inc., 32 pp, illus 
Comprehensive catalog on heat and corrosion 
resistant fabricated alloy products. 

Cold Finished Bars. Joseph T. Ryerson & Son, 
Inc., 4 pp, No. 12-5. Mechanical properties, 
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and heat treatment of 
bars 


formability, weldability 
cold finished carbon steel 
Centrifugaily Cast Steel Pipe. Sandusky Foun- 
dry & Machine Co., No. 32. AFME interpreta- 
tion regarding the use of centrifugally cast 
steel pipe in refinery service 111 
Zmc-Coated Steel. Sharon Steel Corp., 12 pp. 
illus. Discusses welding, soldering, cold form- 
ing, cleaning and storage of Galvanite zinc- 
coated steel. 112 
Steel Tubing. Standard Tube Co., 4 pp, illus 
Sizes, and brazing and soldering procedures 
for steel tubing used in piping systems. 113 
Steel Castings. Steel Founders’ Society of 
America, 6 pp, illus., No. 84. Outlines 12 
ways in which steel castings aid in suc- 
cessful product design 114 
Welding Steel Castings. Tempil Corp., 52 pp, 
illus. Recommended practices for repair and 
fabrication welding of steel castings 115 
Small Metal Parts. Torrington Co., Special- 
ties Div., 24 pp., illus. Services and facilities 
of the company for producing small precision 
metal parts. Information also on contract 
swaging and swaging machines 116 
Rolied Metal Mouldings. Metal Forming Corp., 
Div. of Vanadium-Alloys Steel Co., 100 pp, 
illus. Sizes and shapes of rolled metal mould- 
ings and welded alloy tubing 117 
investment Casting Alloys. Consolidated Foun- 
dries & Mfg. Corp., Wai-Met Alloys Co. Div 
4 pp, illus. Information on tool and stainless 
steel certified alloys for investment. cast- 
ings 118 
Stainless Steel. Wallingford Steel Co., 52 pp 
Chemical composition, comparative proper- 
ties, corrosion resistance, tolerances and fab- 
rication of stainless steel 119 


Stainless Steel. Washington Steel Corp., 32 
pp, illus. Physical properties, composition 
fabrication, corrosion and heat resistance, 
and cleanability of special purpose stainless 
steel sheet and strip 120 
Welded Steel Tubing. Wheatland Tube Co., 4 
pp, illus. Sizes, weights and uses of hot rolled 
and cold rolled welded steel tubing. 121 
Cold Rolled Metal. Yoder Co., 88 pp, illus 
Use of cold formed moldings, trim and tubular 
shapes in a number of products 122 
Corrosion Resistant Steel. Youngstown Sheet 
& Tube Co., 4 pp, illus. Chemical analysis, 
physical properties and corrosion resistance 
of a low alloy steel containing copper and 
chromium 1 


Nonferrous Metals 

e Parts ¢ Forms 
Zinc, Aluminum Die Castings. Advance Tool 
& Die Casting Co., 6 pp, illus. Chemical com- 
position and physical properties of zinc and 
aluminum alloys used in the manufacture of 
die castings 128 
Aluminum Forgings. Aluminum Co. of Amer- 
ica, 36 pp. illus. Properties and uses of 
aluminum forging alloys. Shows company’s 
forging facilities 129 
Nonferrous Centrifugal Castings. American 
Brake Shoe Co., National Bearing Div., 8 pp, 
illus. Physical proverties, general description, 
uses and chemical composition of bronze and 
copper alloys available as centrifugal cast- 
ings 130 
Engineering Bronzes. American Crucible Prod- 
ucts Co., 12 pp, ilius. Technical information, 
case histories and applications of Promet 
bronzes. 131 
Rare Earths. Lindsay Chemical Div., American 
Potash & Chemical Co., 12 pp, illus. Describes 
company’s work in the rare earth field. 132 
Bearing Bronze. American Smelting & Refin- 
ing Co., Continuous-Cast Products Dept., 6 
pp. illus., No. 301. Gives stock sizes and 
weights for solid and hollow continuous-cast 
bronze bars % to 9 in. in dia. 133 
investment Castings. Arwood Precision Cast- 
ing Corp., 56 Washington St., Brooklyn 1, N.Y. 


40 ¢ MATERIALS IN DESIGN 


Nine different applications of the investment 
casting process. Write on company letterhead 
directly to Arwood. 

Investment Castings. Austenal Laboratories, 
Inc., Microcast Div., 12 pp, illus. Describes 
Microcast process and gives properties of in- 
vestment cast alloys. 134 
Tubular Products. J. Bishop & Co. Platinum 
Works, Tubular Products Div., 16 pp, illus., 
No. 12. Sizes and tolerances, mechanical 


properties and uses of nickel and nickel alloy, 
stainless steel tubing and fabricated 
13: 


and 
parts 
Bimetailic Tubes. Bridgeport Brass Co., 18 pp, 
illus. Design and installation data, heat and 
corrosion resistance, and uses of bimetallic 
tubes consisting of an inner and outer tube 
of different metals 136 
Finned Tubing. Wolverine Tube Div., Calumet 
& Hecla, Inc., 24 pp, illus. Sizes, alloys, heat 
transfer data, and application data for in- 
tegrally finned tube for heat transfer appli- 
cations. 137 
Nickel-Base Alloy. Cannon-Muskegon Corp., 
9 pp, illus. No. 86. Thermal conductivity, 
oxidation resistance, formability, and yield 
and tensile strength of a vacuum melted 
nickel-base alloy called René 41. 138 
Magnetic, Electrical Alloys. Carpenter Steel 
Co., 65 pp, illus. Chemical composition, mag- 
netic properties, machinability and mechanical 
properties of iron-nickel alloys 139 
Investment Castings. Casting Engineers, Inc., 
illus. Design information, properties and uses 
of close tolerance investment castings made 
by the Minicast process 140 
Bimetals. W. M. Chace Co 40 pp, illus 
Twenty-four uses of bimetals as actuating 
elements in temperature responsive devices 

141 
Bronze. Chase Brass & Copper Co., 8 pp, No 
D-1. Corrosion resistance, properties, forms, 
tempers, electrical and thermal conductivity, 
and uses of a high copper alloy called Phosnic 
bronze 142 
Brass Forgings. Copper & Brass Research 
Assn., 36 pp, illus. Tells what brass forgings 
are, how they are made, and where they may 
be used. Also gives design information and 
dimensional tolerances for brass forgings. 143 
Die Castings. Dollin Corp., 16 pp, illus. Fa- 
cilities for die casting large and small parts 
of zinc and aluminum 144 
Silver Brazing Alloys. American Platinum 
Silver Div., Engelhard Industries, Inc., 4 pp, 
illus. Chemical composition, melting point, 
uses and brazing instructions for eight silver 
brazing alloys. 145 


Precious Metais. Engelhard Industries, Inc., 
D. E. Makepeace Co. Div., illus. Describes solid 
and laminated precious and base metals for 
chemical and electrical equipment. 46 


Aluminum Castings. Exalco Mfg. Co., 4 pp, 
illus. Information on standard and custom- 
made aluminum permanent mold castings. 147 


Tantalum. Fansteel Metallurgical Corp., Metals 
& Fabrication Div., 4 pp, illus. Availability of 
tantalum sheet from stock. Thermal, electrical 
and mechanical properties of tungsten, tanta- 
lum, molybdenum and columbium 148 


Metallic, Nonmetallic Stampings. Federal Tool 
& Mfg. Co., 6 pp, illus., No. 301. Design in- 
formation, tolerances and specifications for 
stampings made of ferrous and nonferrous 
metals, and phenolic, nylon and epoxy resins 

149 


Aluminum Alloy. Frontier Bronze Corp., 24 
pp, illus. Describes Alloy 40-E, a high strength 
aluminum alloy that needs no heat treat- 
ment 


Nonferrous Metal Powders. Glidden Co., 
Chemical-Pigments-Metals Div., 6 pp. Informa- 
tion on lead and Resistox copper powders. 151 


Copper and Brass Tubing. H & H Tube & 
Mfg. Co. Describes a complete line of copper 
and brass tubing. 152 


Precision Made Parts. Hamilton Watch Co., 
Precision Metals Div., 16 pp, illus. Special 
alloy casting, rolling, drawing to fine specifi- 
cations is3 


Brazing Alloys. Handy & Harman, 4 pp, illus.. 
No. 80. Information on the use of silver 
brazing alloys for joining cast iron to steel, 
stainless steel, copper, brass, cemented car- 
bides and Monel 154 


Powder Metallurgy. Harper Electric Furnace 
Corp. Bibliography of powder metallurgy ar- 
ticles printed in 1954 and 1955 in the United 
States, England and Canada. iss 


Aluminum Extrusions. Harvey Aluminum, 16 
pp. Information on the design and production 
of large aluminum extrusions. Included are 
standard manufacturing limits for solid 
shapes, hollow shapes, panels and tubes 156 
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Invest t Casting Hitchiner Mfg. Co., 16 
pp, illus. Outlines major advantages of both 


ferrous and nonferrous investment castings 
157 





Beryllium Copper Parts. Instrument Specialties 
Co., Inc., 20 pp, illus., No. 10. Design infor- 
mation, properties and uses of beryllium cop- 
per springs and screw machine products. 158 
Nickel-Base Alloy. Kelsey-Hayes Co., Metals 
Div., 16 pp, illus. Forms, uses, composition, 
physical properties, heat treatment and ma- 
chining of Udimet 500, a nickel-base high 
temperature alloy. Graphs give stress-rupture, 
creep and fatigue properties 1s9 
Precious Metals. Leach & Garner Co., Indus- 
trial Div., 4 pp, illus. Information on lami- 
nated and solid precious metals available in 
sheet, wire and tubing. 160 
Magnesium Casting Alloy. Magnesium Elektron 
Inc., 12 pp, illus. Tensile, and short-time and 
long-time creep and fatigue properties of a 
high strength magnesium casting alloy. 161 
Metal Powders. Metals Disintegrating Co.. 
Inc., Harrison Abrasive Div., illus. Description. 
specifications, properties and uses for all 
types of metal powders. 162 
Phosphor Bronze. Miller Co., Rolling Mill Div., 
4 pp. illus. Composition, properties, uses and 
availability of phosphor bronze coils and flat 
lengths 163 
impact Extrusions. Mueller Brass Co. Mechani- 
cal properties and dimensional tolerances of 
round, rectangular and square impact extru- 
sions 1 
Metal Powder Parts. Norwalk Powdered Metals, 
Inc., 4 pp, illus. Information on metal powder 
parts made of bronze, brass, copper, iron 
and alloy steels. 165 
Clad Tubing. Nuclear Metals, 
10 Describes co-extrusion of 
materials with stainless steel, 
mium, titanium, platinum or 
through a die at high temperatures. 
properties and uses 
Nonferrous Castings. Ohio Precision Castings 
Inc., 16 pp, illus. Information on castings 
made from brass, bronze, aluminum and beryl- 
lium copper. 167 
Wrought Copper. Metals Div. of Olin Mathie- 
son Chemical Corp., 14 pp, illus. Corrosion 
resistance, composition, available forms and 
physical properties of wrought copper and 
copper-base alloys. 168 
Nonferrous Tubing. Precision Tube Co., Inc., 
12 pp, illus. Sizes, properties and uses of cop- 
per, brass, bronze, nickel and aluminum 
tubing 169 
Special Metal Shapes. Roll Formed Products 
Co., 8 pp, No. 657. Properties and uses of roll 
formed sections made of galvanized, carbon, 
and stainless steel; brass; clad metal; copper; 
zinc; and aluminum. 170 
Zine Die Castings. St. Joseph Lead Co., 22 pp. 
illus. Discusses zinc die casting alloys and 
commercial finishes for zinc die castings. 171 
Brass, Aluminum Products. Scovill Mfg. Co., 
12 pp, illus. Information on such products es 
brass sheet, strip and rod; aluminum sheet 
and rod; metal stampings; and aircraft fas- 
teners 172 
Phosphor Bronze. Seymour Mfg. Co., 6 pp 
Physical and mechanical properties, uses and 
sizes of phosphor bronze wire, rod and strip 
173 


Inc., 6 pp, No 
two or more 
nickel, chro- 
aluminum, 
Gives 
166 


Tin-Plated Nonferrous Strips. Somers Brass 
Co., 1 p, illus. Data and specification sheet 
covering tin plating of a wide range of non- 
ferrous thin metal strips 174 
Copper Clad Laminates. Spaulding Fibre Co., 
Inc., 1 p. Mechanical, electrical, adhesive and 
thermal properties for a line of copper clad 
plastics laminates. 175 
Tungsten for Vacuum Metallizing. Sylvania 
Electric Products Inc., Chemical & Metallur- 
gical Div., 8 pp. Dimensional data on tung- 
sten coils used in vacuum metallizing 176 
Nickel-Base Alloy. Haynes Stellite Co., Div. of 
Union Carbide Corp., 12 pp, illus. Corrosion 
resistance, chemical composition, physical 
properties, hardness, formability, impact 
strength, short time tensile and rupture data 
for a nickel-base alloy 178 
Ductile Vanadium. Vanadium Corp. of Amer- 
ica, 8 pp, illus. Properties, fabrication, cor- 
rosion resistance and uses of ductile vana- 
dium metal. 179 


Copper-Base Castings. Waukesha Foundry Co., 
Castings Div., 8 pp, illus. Applications, physi- 
cal properties, chemical composition and 
advantages of copper-base, high nickel cast- 
ings 180 


Nonferrous Brazing Alloys. Westinghouse Elec- 
tric Corp., Welding Div., 4 pp, illus. Descrip- 
tion and uses, chemical composition, liquidus 
and solidus temperatures, brazing range and 





design information for a line of nonferrous 
brazing alloys for joining copper, brass and 
bronze. 181 
Metal Powder Parts. U. S. Graphite Co., Div. 
of Wickes Corp., Saginaw, Mich., illus., No. 
21. Properties, uses and dimensions of Dramix 
metal powder parts. Write on company letter- 
head directly to U. S. Graphite. 


Plastics & Rubber 
e Parts e Forms 


Urethane Rubber. Acushnet Process Co., 8 pp, 
illus. Physical, chemical, thermal and electri- 
cal properties, design information and uses of 
a liquid urethane rubber called Elastacast. 186 


Plastics Compounds. American Cyanamid Co., 
Plastics & Resins Div., 16 pp, illus. Physical, 
mechanical and electrical properties of urea 
formaldehyde and methylstyrene molding com- 
pounds 187 
Tube, Pipe Insulation. Presstite-Keystone Engi- 
neering Products Co., Div. of American-Mari- 
etta Co. Water tightness, heat conductivity, 
oil resistance, 
and pipe insulation made 
prene. 

Plastics Tooling. Arvin Industries, Inc., Plastic 
Gage & Tool Div., 8 pp, illus. Information on 
such plastics tooling as forming dies, mock- 
ups, drill and checking fixtures, and proto- 
type dies. 189 
Rubber Parts. Atlantic India Rubber Works, 
Inc., 158 pp, illus., No. 52. Dimensional data 
and design information on natural and syn- 
thetic rubber grommets, bushings, rings, plugs, 
washers, gaskets and bumpers. 190 
Glass-Polyester Compound. Atlas Powder Co., 
Chemicals Div., 4 pp. Design data, uses, 
prices, and physical, electrical and chemical 
properties of a glass-reinforced polyester mold- 
ing compound i191 
Conductive Gasketing. Auburn Mfg. Co., 1 p. 
Dimensional] data and specifications for a flex- 
ible gasketing material made of aluminum 
wire cloth and neoprene rubber. 

Plastics Product Specs. Borden Chemical Co., 
Div. of Borden Co., 10 pp. Adhesives, coatings, 
sealers and vinyl tubing complying with U. 8. 
Government specifications. 193 
Butyrate Pipe. Busada Mfg. Corp., 4 pp, illus. 
Uses, general characteristics, prices and sizes 
of butyrate pipe and fittings. 194 


Clear Plastics Sheets. Cast Optics Corp., 12 
pp, ilius. Gives mechanical, electrical, optical 
and thermal properties of a number of ther- 
mesetting and thermoplastic rigid plastics 
sheets. 195 


Molds for Epoxies. Cerro de Pasco Sales Corp., 
4 pp, illus. Shows how to slush cast molds 
for epoxy encapsulation. 


PVC Dispersion. Chemical Products Corp., 14 
pp, illus., No. 144. Properties and uses of a 
specially formulated, high molecular weight, 
polyvinyl coating and molding material called 
Chem-O-Sol. 197 


Impact Styrene Sheet. Chicago Molded Prod- 
ucts Corp. High-gloss surface finish for impact 
styrene sheet. 198 


TFE Gaskets. Chicago Rawhide Mfg. Co., 
Sirvene Div., 4 pp, illus., No. CT-1. Properties 
of Sirvene TFE packings, bearings, gaskets 
and rings. 199 


Epoxy Resins. Ciba Products Corp., 76 pp, 
illus., No. 18. Uses, typical properties, types, 
compatability with other materials, solubili- 
ties, viscosities and typical formulations for a 
series of epoxy resins. 200 


Silicone Rubber. Colonial Rubber Co., 3 pp. 
Physical properties, sizes and uses of 50, 70 
and 80 Durometer silicone rubber sheets. 201 


Vinyl for Metal Laminate. Columbus Coated 
Fabrics Corp., 12 pp, illus. Describes Col-O- 
Vin, a semi-rigid vinyl sheeting which can 
be bonded to steel or nonferrous metals. 202 


TFE-Coated Glass Fabric. Commercial Plastics 
& Supply Corp., 4 pp, illus. Electrical, chem- 
ical and physical properties of TFE-coated 
glass fabrics, tapes, yarns and thread 203 


Metal Powder Parts. Compacted Metal Corp., 
8 pp, illus. Cost savings possible with metal 
powder parts. Physical characteristics and de- 
sign pointers for metal powder parts. 204 


Molded and Extruded Rubber. Continental 
Rubber Works, 8 pp, No. 100. Dimensions of 
molded and extruded rubber with cross-sec- 
tional illustrations. 205 


Polyurethane Foam. Dayton Rubber Co., Amer- 
ican Latex Products Corp. Div. Uses, formu- 


weight and density of a tube 
of expanded neo- 
188 


lations ana physical properties for rigid, semi- 
rigid and flexible polyurethane foams. 
Reinforced TFE. Dixon Corp., Plastics Div., 
2 pp. Electrical, physical, mechanical and 
chemical properties of reinforced TFE. 207 
Plastics Parts. Double T Products Co., 4 pp, 
illus. Information on Kel-F, nylon and styrene 
parts for electronic devices. 208 
Thermal insulation. Dow Chemical Co., Plas- 
tics Sales Dept., 12 pp, illus. No. 157-57. 
Design information, physical and thermal 
properties, and installation data for a thermal 
insulation made of polystyrene foam. 209 
Silicone Products. Dow Corning Corp., 16 pp, 
illus., No. 1-114. Properties and uses of sili- 
cone rubber, adhesives, additives, electrical 
insulation, lubricants, protective coatings and 
textile finishes. 210 
Buty! Rubber. Enjay Co., 12 pp, illus., No. 
2d/En. Weather, sunlight. chemical, solvent 
and heat resistance, electrical properties and 
uses of butyl rubber. 211 
Plastics Laminates. Farley & Loetcher Mfg. 
Co., Plastics Div., 4 pp. Uses and properties 
of paper and fabric-base high pressure ——" 
tics laminates 
Injection Molding Compounds. Fiberfil, ben 
4 pp. Physical, electrical and chemical prop- 
erties of Fiberfil Styrene G and Nylon G 
glass-reinforced injection molding compounds. 
213 


Synthetic Latex. Firestone Tire & Rubber Co., 
Synthetic Rubber & Latex Div., 8 pp, illus. 
Properties of hot and cold type synthetic 
rubber latices. 214 
Plastics Foams. Foam Products, Inc., 2 pp. 
illus. Information on custom molded latex and 
Plastics foam parts 215 


Plastics Laminates. Food Machinery & Chemi- 
cal Corp., Chemicals & Plastics Div., 13 pp, 
No. 19. Information on decorative plastics 
laminates made from diallyl phthalate resins. 

216 


Plastics Laminates. Formica Corp., 4 pp, illus. 
Sizes, uses and grades of paper, canvas, linen, 
asbestos and glass-base laminated plastics. 217 
Epoxy Laminate. General Electric Co., Lami- 
nated Products Dept., 4 pp, illus., No. L-CDL- 
454. Physical. mechanical and electrical prop- 
erties of a self-extinguishing paper-base epoxy 
laminate. 

Cellular Rubber, Plastics. B. F. Goodrich Co., 
Sponge Products Div., 8 pp, illus. Properties 
and uses of cellular rubber and plastics sheets, 
shapes, tubing and molded forms. 220 
Polyester Film. Goodyear Tire & Rubber Co., 
Films & Flooring Div., 12 pp, illus. Physical, 
electrical and thermal properties, chemical 
resistance and uses of polyester films. 221 
High Density Polyethylene. W. R. Grace & 
Co., Polymer Chemicals Div.. illus. Two book- 
lets on high density polyethylene. One dis- 
cusses injection molding of high density poly- 
ethylene; the other discusses the extrusion of 
this material into film, sheet and tubing. 222 
Small Plastics Parts. Gries Reproducer Corp., 
4 pp, illus. Describes and illustrates special- 
ized injection molding of tiny thermoplastic 
Parts. 223 
Structural Honeycomb. Hexcel Products Co., 
32 pp, illus., No. C. Technical data on alu- 
minum, glass fabric, stainless steel and cotton 
fabric honeycomb core for sandwich construc- 
tion. 
Phenolic Molding Compound. Durez Plastics, 
Div. of Hooker Chemical Corp., 6 pp, No. D- 
203. Molding instructions; uses; dimensional 
stability: physical, mechanical and electrical 
properties: and chemical and heat resistance 
of a fiberglass reinforced-phenolic molding 
compound. 225 
Polyester Resins. Interchemical Corp., Finishes 
Div. Information on the preparation of a 
polyester premix compound. 226 
Polyester Film. Minnesota Mining & Mfg. Co., 
Reinforced Plastics Div., 6 pp, illus. Describes 
development of Scotchpak polyester film and 
shows Various applications of the material. 227 
Rubber Parts. Minnesota Rubber Co., 24 pp, 
illus. Design information and properties of 
o-rings and quad rings made of natural, syn- 
thetic and silicone rubbers 228 
Urethane Potting Compounds. Mobay Chemical 
Co., 8 pp. Discusses the use of polyurethane 
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elastomers for industrial 
capsulating applications. 

Molded Fibergiass. Molded Fiber Glass Com- 
panies, 32 pp, illus. Mechanical, electrical and 
chemical properties of molded fiberglass. De- 
scribes fabricating and finishing operations 
performed by the company on this material. 


potting and en- 
229 


Glass-Bonded Mica. Mycalex Corp. of America, 
24 pp, illus. Physical, electrical and thermal 
properties, and dimensional tolerances of 
ceramo-plastics and glass-bonded micas. 231 
Sandwich Core. Narmco Resins and Coatings 
Co., 6 pp. Formable core material for alu- 
minum sandwich constructions where small- 
radius curves are needed. 232 
Copper-Clad Laminates. National Vulcanized 
Fibre Co., 6 pp. illus. Properties, uses, grades, 
and assembly of copper-clad paper-base phe- 
nolic laminates. Information also on nylon 
and glass cloth grades. 233 
Rubber Products. Paeco Rubber Co., 12 pp. 
illus. Facilities for producing custom-made 
molded and extruded rubber products. 234 
Polyethylene Film. Phillips Chemical Co., Plas- 
tics Sales Div., 4 pp, illus., No. 6. Strength, 
rigidity, permeability, chemical resistance, 
heat sealing characteristics and fabrication 
of polyethylene films. 

Extruded Plastics Parts. Pipco International 
Corp., 76 pp, illus. Dimensions, colors, weights 
and prices for over 1000 molded and extruded 
parts made of polyethylene, butyrate, vinyl, 
nylon and other thermoplastics. 218 
Sheil Molding. Plastics Engineering Co., 18 
pp, illus. Analyzes shell molding process with 
description of resins developed for manufac- 
turing shell molds. 236 
Plastics Coatings. Prufcoat Laboratories, Inc 
4 pp, No. 301. Chemical resistance, properties 
and uses of vinyl, acrylic, styrene-butadiene, 
epoxy, phenolic and silicone paints for wood. 
metals and masonry. 237 
Rubber-Coated Fabrics. Vulcan Rubber Prod- 
ucts Div., Reeves Brothers, Inc., 8 pp, No. 
SF-9. Oil, heat and abrasion resistance, ten- 
sile strength, uses and dimensions of natural 
and synthetic rubber-coated fabrics. 238 
Acrylic Molding Compound. Rohm & Haas Co., 
8 pp, illus., No. PL-363. Physical properties. 
chemical resistance and uses of a modified 
acrylic for injection molding and a 


PVC Sheets. Seiberling Rubber Co., Plastics 
Div., 4 pp. Physical, chemical, electrical and 
thermal properties of an unplasticized poly- 
vinyl chloride sheet material. 240 
Acetal Resins. Shawinigan Resins Corp., 32 
pp, illus. Properties and uses of polyvinyl 
butyral and polyvinyl formal acetal resins. 241 
Epoxy Resin. Shell Chemical Corp., Chemical 
Sales Div., 4 pp, No. SC: 57-43, Compounding 
and handling information, and properties of 
a low viscosity epoxy resin for laminating 
and casting applications. 

Small Plastics Parts. Standard Plastics Co., 
Inc., 8 pp, illus. Describes a custom service 
for molding thermoplastic and thermosetting 
resins into small plastics parts, such as 
lenses, bearings and jewelry. 243 
Heat Reflective Laminates. Swedlow Inc., 12 
pp. Size and shape limitations, uses, and 
physical, electrical and thermal properties of 
a radiant heat reflective plastics laminate. 244 
Paper-Base Laminate. Synthane Corp., 1 pP, 
No. EP-22. Uses and mechanical and electrical 
properties of a paper-base epoxy resin. 245 
Synthetic Rubbers. Texas-U.S. Chemical Co., 
260 Madison Ave., New York 16, 60 pp. Speci- 
fications, physical and chemical properties, 
and standard recipes for butadiene-styrene 
rubbers. Write on company letterhead directly 
to Texas-U.S. Chemical Co. 

Rubber, Plastics Foam. Toyad Corp., 4 pp 
Properties and uses for a line of flexible and 
rigid plastics and rubber foams. 246 
Silicone Rubber Tubing. Union Carbide Corp.. 
Silicones Div., No. SF-1164. Chart for cal- 
culating silicone rubber requirements for tub- 
ing and hot air ducting. 247 
Synthetic Rubber. Naugatuck Chemical Co., 
Div. of United States Rubber Co., 12 pp, No 
219. Compounding information, physical prop- 
erties, oil and ozone resistance, and uses of a 
vinyl modified synthetic rubber called Para- 
cril OZO. 248 
Sealant for Castings. Western Sealant Co., 6 
pp, illus. Describes vacuum impregnation of 
castings with a transparent, colorless copoly- 
mer to eliminate micro-porosity. 249 


Rubber Products. Williams-Bowman Rubber 
Co., 12 pp, illus. Information on natural, 
synthetic and silicone rubber rings, gaskets, 
washers, tubing, cords, sheets and bar bump- 
ers 250 
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Other Nonmetailics 
e Parts e Forms 


Alumina Ceramics. Coors Porcelain Co., 4 pp, 
illus., No. 858. Mechanical and electrical prop- 
*rties, dimensional data and design informa- 
tion for high strength alumina ceramics for 
ise in rockets and missiles 257 


Giass Pipe, Fittings. Corning Glass Works, 46 
pp, illus., No. PE-3. Applications, physical 
haracteristics, design information and instal- 
ation data for Pyrex glass pipe and fittings 

258 
Thermal Insulation. Dyna-Therm Chemical 
Corp., 4 pp, illus. Information on a mastic- 
type chemical coating designed as a high heat 
insulating material and an erosion and cor- 
rosion resistant coating. 2s9 


Fused Silica, Quartz. Amersil Quartz Co., Div 
»f Engelhard Industries, 10 pp, illus. Mechani- 
al and electrical properties, uses, heat re- 
sistance, handling information and optical 
properties for fused quartz and silica 260 
Felt Shock Absorber. Felters Co., 4 pp, illus 
Information on a felt shock absorber said to 
stop up to 85% of transmitted vibration 261 
Tungsten Carbide. Firth Sterling Inc., 20 pp 
illus. Information on the manufacture, chemi- 
al composition and physical properties of 
tungsten carbide. Lists grades available 262 
Ceramics. Centralab, Div. of Globe-Union Inc 
16 pp, illus. Mechanical, electrical and en- 
vironmental characteristics of ceramics. In- 
formation on the advantages and disadvan- 
tages of various ceramic fabricating tech- 
niques 263 
Lithium Products. Lithium Corp. of America, 
Inc 4 pp. Properties and uses of lithium 
metal derivatives and special lithium ceramic 
ompounds 264 
Ceramic Products. McDanel Refractory Porce- 
lain Co., 8 pp, illus., No. C2-57 Ceramic 
ombustion tubes, crucibles and combustion 
tube accessories 265 
Borides, Carbides. Norton Co., 16 pp, illus., No 
2152. Physical properties, uses and sizes for 
zirconium carbide, boron nitride, silicon car- 
bide, and other borides and carbides 266 


Carbon Parts. Ohio Carbon Co., 4 pp, illus 
Thermal, mechanical and electro-mechanical 
properties of carbon parts. 268 


Fiberglass Pipe insulation. Owens-Corning 
Fiberglas Corp., 8 pp, illus. Physical proper- 
ties, design data, thermal efficiency and instal- 
lation data for fiberglass pipe insulation. 269 


Fiberglass Tubing. Pacific Laminates, Inc., 2 
pp, illus. Physical and electrical properties 
weight, dimensional tolerances and prices of 
three types of tubular fiberglass parts 270 


Glass Fiber Insulation. Pittsburgh Plate Glass 
Co., Fiber Glass Div., 4 pp, illus. Advantages 
of using glass fibers for sound and heat insu- 
lation applications 271 


Carbon Graphite. Pure Carbon Co., Inc., 12 
pp, illus., No. 55. Catalog on carbon graphite 
for mechanical applications 2 


Graphite Products. Speer Carbon Co 
No. AD. Uses, grades, sizes and properties of 
graphite and carbon products 273 


Carbon, Graphite Products. Stackpole Carbon 
Co., St. Marys, Pa., 56 pp, illus., No. 40B 
Property, application and performance data 
on a wide range of carbon and graphite prod- 
ucts. Write on company letterhead directly to 
Stackpole. 


8 pp 
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Information on 
from 


Thompson Fiber 
thermal 
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Thermal Insulation. 
Glass Co., chart 

insulations for temperatures 
to 3000 274 


Synthetic Sapphires. Linde Co., Div. of Union 
Carbide Corp., 11 pp, illus., No. F-917. Shapes 
and sizes, and optical, thermal and high 
temperature properties of synthetic sapphires 
for use as an infrared optical material 275 


Acrylic Fiber. Union Carbide Chemicals Div 
Textile Fibers Dept., Union Carbide Corp., 
16 pp, illus. How “Dynel” acrylic fiber is 
made. Outlines its properties and uses in 
industrial fabrics 277 


* MATERIALS IN DESIGN 


Finishes e 
Cleaning & Finishing 


Corrosion Inhibitor. Allied Chemical 
Solvay Process Div., 17 pp, illus. 
dium nitrite in corrosion prevention. 283 
Protective Coatings. Diamond Alkali Co. 36 
pp, illus. Data on chlorinated paraffin, both 
resinous and liquid grades with illustrations 
of typical industrial applications 284 
Vitrasonic Cleaning. Branson Ultrasonic Corp., 
24 pp, illus., No. 8-200. Applications, advan- 
tages and operation of ultrasonic cleaning 
equipment used for automotive, aircraft, elec- 
tronic, electrical and optical parts 285 


Coating Prod- 


Corp., 
Use of so- 


Metallic Coatings for Plastics. 
ucts Information on metallic coatings for 
plastics 286 
Uitrasonic Cleaning Unit. Detrex Chemical In- 
dustries, Inc., 1 p. Dimensions and price of 
an ultrasonic cleaning unit 287 
Finishing. E. I. du Pont de Nemours & Co., 
Finishes Div., 8 pp, illus. Bulletins 12 and 13 
discuss the uses, advantages and disadvan- 
tages of two finishing techniques. 

Porcelain Enameled Parts. Erie Ceramic Arts 
Co., 20 pp, illus. Describes porcelain enamel- 
ing and discusses its use as a permanent 
finish for instrument dials, name plates, ash- 
trays, medallions and highway markers. 289 


Metallized Ceramic Coating. Frenchtown Por- 
celain Co., 4 pp, illus. Data on Molcote, metal- 
to-ceramic coating, that may be hard soldered 
up to 2260 290 
Nickel Alloy Coatings. Kanigen Div., General 
American Transportation Corp., 12 pp, illus., 
No. 258. Frictional properties, abrasion, cor- 
rosion and salt spray resistance, uses, ductility 
and thermal conductivity of Kanigen chemi- 
cally deposited nickel alloy coatings 291 
Bright Nickel Plating. Harshaw Chemical Co., 
Scientific Div., 4 pp, illus. Advantages of 
Nubright bright nickel plating process. 2 
Metal Cleaning. Magnus Chemical Co., Inc., 
6 pp, No. M240.1-59. Guide to the selection 
of the right material and method for remov- 
ing soils from ferrous and nonferrous metals. 


Silicone Coating. Midland Industrial Finishes 
application data, 
silicone 

294 


Co., 4 pp, illus. Properties, 
corrosion resistance and uses 
coating 

Fusion Bond Finishes. National Polymer Prod- 
ucts, Inc., 4 pp, illus. Characteristics, proper- 
ties and uses of Corvel cellulosic, nylon, 
Polyethylene and chlorinated polyether finishes 
for metal parts 295 
Metal Cleaners. Northwest Chemical Co., 4 
pp. Information on immersion, electrolytic and 
spray cleaners for die castings, steel, copper 
and aluminum 296 
Vacuum Metallizing. NRC Equipment Corp., 8 
pp, illus. Gives a step-by-step description of 
the vacuum metallizing process for coating 
plastics, metals and wood 297 
Cleaner for Die Castings. Oakite Products, 
Inc,. No. F 10466. Advantages and operating 
instructions for a non-etching, reverse current 
cleaner for zinc die castings 

Phosphate Coatings. Parker Rust Proof Co., 
4 pp, illus. Discusses the use of a phosphate 
pretreatment on steel sheets and control pan- 
els 299 
Textured Finishes. Rafi & Swanson, Inc., 4 
pp, No. 115. Describes one coat, sprayable, 
textured finishes for wood and metal. 
Precious Metal Electropiates. Sel-Rex Corp., 
Precious Metals Div., 75 River Rd., Nutley 10, 
N. J. Price $1. Slide chart gives cost of 
plating gold, silver, platinum and rhodium. 
Also gives current densities for precious metals 
plating solutions. Write on company letter- 
head directly to Sel-Rex 


of a 


Joining & Fastening 


Liquid Sealant. American Sealants Co., 4 pp, 
illus. Installation data and properties of a 
liquid sealant used for sealing threaded fas- 
teners, and joints and pores in metal 305 
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ENGINEERING 


24 pp, 


Bronze Electrodes. Ampco Metal, Inc., 
descrip- 


illus., No. W-17,159. Identification, 
tion, application, current, procedure, chemi- 
cal composition, mechanical properties, sizes 
and uses for bronze electrodes, filler rod and 
wire. 306 
Corrosion Proof Cements. Atlas Mineral Prod- 
ucts Co., 12 pp, No. 5-2. Data on five standard 
corrosion proof cements: furan, phenolic, sul- 
fur, polyester and silica-based materials. 307 
Self-Locking Nut. Elastic Stop Nut Corp. of 
America, 6 pp, illus. Where and how to use 
Esna Elastic stop nuts, which are locked on 
the bolt by the gripping action of the “J. 
3 


Resistance Welding. Federal Machine & 
Welder Co., 28 pp, illus., No. PP-54. Discusses 
principles and practices of resistance welding. 

309 
Rubber Co., illus. 
shock-mounting 


Fasteners. General Tire & 
Self-mounting fasteners for 
metal, plastics and glass parts. 310 
Adhesives. Koppers Co., Inc., Chemical Div., 
8 pp, illus., No. C-6-230. Physical and chemi- 
cal properties, and uses of resorcinol-formal- 
dehyde compositions known as Penacolite 
Brittle Resins. 312 
Self-Locking Nuts. Mac Lean-Fogg Nut Co., 8 
pp, illus., No. 7-Ma. Properties, uses and di- 
mensions of self-locking nuts. 313 
Hard Surfacing Electrodes. Metal & Thermit 
Corp. File cards give data on 88 types and 
sizes of hard surfacing electrodes and = 

314 


Steei Fasteners. Nut-Shell Co., 53 pp, illus. 
Series of specification sheets giving dimen- 
sional data, part number, weight, type of 
material and finish for self-locking, hex, mini- 
ature, dome and right angle steel nuts. 315 
Fastener Handbook. Ramset Fastening System, 
12117 Berea Rd., Cleveland 11, Ohio, 48 pp, 
illus., No. 5161. Price $2. Installation data, 
characteristics and uses of powder driven 
fasteners for wood, steel and concrete. 

Set Screws. Set Screw & Mfg. Co., 28 pp, 
illus., No. 21. Information on self-tapping and 
stainless steel set screws 

Fastening Analysis. Tinnerman Products, Inc., 
4 pp, illus., No. 336. Describes a fastening 
analysis service for reducing costs and speed- 
ing production of such products as washing 
machines, toys and automobiles. 317 


Cold Headed Fasteners. Progressive Mfg. Co., 
Div. of Torrington Co., 16 pp. How cold head- 
ing saves waste, improves design and adds 
strength to various types of fasteners. 318 
Pop Rivets. United Shoe Machinery Corp., Pop 
Rivet Div., 4 pp, illus. Dimensional data 
and ordering information on “Pop” — 


Methods & Equipment 
e Testing 


Hardness Tester. Wilson Mechanical Instru- 
ment Div., American Chain & Cable Co., Inc., 
2 pp, illus., No. TT-58. Dimensions, features, 
operational data and prices of a Rockwell 
hardness tester. 333 
Strain Gages. Baldwin-Lima-Hamilton Corp., 
Electronics & Instrumentation Div., 24 pp, 
illus., No. 4310. Sizes, prices and uses of 
Strain gages and accessories 326 


Environmental Testing. Bowser-Morner Testing 
Laboratories, Inc., 8 pp, illus. Facilities for 
conducting sand and dust, humidity, fungus, 
temperature, altitude and salt spray environ- 
mental tests 327 
Processing X-Ray Films. Eastman Kodak Co., 
X-Ray Div., 6 pp, illus. Describes an entirely 
new system of faster, better processing for 
industrial x-ray film 328 


Induction Heating. Lepel High Frequency La- 
boratories, Inc., 12 pp, illus., No. 5. “High 
Frequency Review” discusses the use of high 
frequency induction heating for brazing and 
soldering. 329 
High Frequency Heating. New Rochelle Tool 
Corp., 16 pp, illus. Describes the principles of 
induction and dielectric heating 330 


Wax Injection Presses. Alexander Saunders & 
Co., 9 pp, illus., No. WP 57. Dimensional data, 
specifications, features and prices of wax in- 
jection presses. 331 


Testing Services. Thermatest Laboratories, 
Inc., 4 pp, illus. Information on metallurgy, 
chemistry, spectrography, mechanical and 
physical property measurements, and heat 
transfer and thermodynamics testing services. 

332 
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Light as a 128-Passenger Feather 


Because it makes practical use of the 
remarkable strength-weight ratio of the aus- 
tenitic stainless steels, this all-stainless steel 
railroad passenger car weighs 25 tons less 
than other so-called modern equipment. 


It is an important contribution to railroad 
operating economy and efficiency because 
its stainless steel structure guarantees mil- 
lions of miles of service between overhauls 
—its gleaming exterior requires no paint. 


Designed and built by The Budd Company, 
it is considered one of the greatest engineer- 
ing achievements of the century—made pos- 
sible only by that brawny beauty stainless 
steel. 


In your product engineering when weight is 
a problem and strength a necessity the 
answer can be found in stainless steel’s 
unique combination of strength, durability 
and beauty. 


J&L leads the industry in melt shop standards 
for stainless steel—the point where quality starts, 


and engineering achievement begins. 


WK Plants and Service Centers: 


Los Angeles + Kenilworth (N. J.) + Youngstown + Louisville (Ohio) + Indianapolis + Detroit 


STAINLESS 


SHEET +> STRIP + BAR * WIRE 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION ¢ Box 4606, Detroit 34 


For more information, turn to Reader Service card, cir:le No. 438 








Arc Resistance 


with Synthane Laminated Plastics 


V4 


Resistance to arcing is important in such 
applications as terminal boards, switch 
and fuse blocks, and circuit breakers. 
Usually, however, arc resistance alone is 
not sufficient to satisfy job requirements. 
Ceramics, for example, are excellent for 
are resistance but they break easily and 
are difficult to machine. Mica has excel- 
lent are resistance yet lacks strength. 

Laminates have arc resistance pilus 
Laminated plastics have many desirable 
properties in combination. All grades of 
plastic laminates have good electrical 
properties. All have good dielectric 


SYNTHANE GRADE G-7 — 


SYNTHANE GRADE G-5 —> 
SYNTHANE GRADE G-8 


SYNTHANE GRADE G-!! 4 


SYNTHANE GRADE AA-M > 


SYNTHANE GRADE C-™ 


SYNTHANE GRADE L-™ VULCANIZED FIBRE 


SYNTHANE GRADE XX vs 2 


Relative Arc Resistance of Several Plastic Laminates 
and Vuleanized Fibre. 


strength, dissipation factor and insulation 
resistance. Some iaminates also have ex- 
cellent arc resistance and some—the 
phenolic laminates, for instance—are 
relatively poor in this respect. 

It is this failing of the phenolic grades 
which may have deterred you from think- 
ing of laminates when arc resistance was 
required. But, outstanding progress 
has been made to supply laminates with 
excellent arc resistance. For example, 
Grades CM, LM, G-5 and G-7 have 
outstanding arc resistance properties. 

There are several tests for arc resist- 
ance. One commonly used is 
Method D495-56T, which approximates 
service conditions in alternating current 
circuits operating at a high voltage, with 
currents limited to units and tens of 
milliamperes. Two pointed electrodes, 
\4"’ apart (see drawing), rest upon the 
material to be tested. The arc is applied 
intermittently, and at first mildly. Later 
the time between flashes is decreased and 
the amperage is increased until the arc 
finally burns a conducting path between 
the electrodes. The total time in seconds 
until failure occurs is the arc resistance 
of the material. 


Arc resistance is related to time 
Since the severity of the arc is progres- 
sively increased, the comparative arc 
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resistance of two materials is not in direct 
proportion to the time. The accompany- 
ing chart gives you a fairly accurate 
relationship of the arc resistance of 
Synthane laminates—using the ASTM 
method. The first four are glass base 
grades. G-7, containing a silicone resin, 
tops the list in are resistance as well as in 
dielectricstrength, dissipation factor, insu- 
lation resistance and moisture resistance. 

For specific information relating to Arc 
Resistance for your application or for the 
combined properties of Synthane lami- 
nates, write Synthane Corporation, 3 
River Road, Oaks, Pa. 


\ 
oma Ss 


Set-up for A.S.T.M. Are Resistance Test in the 
Synthane Laboratory. 


Ss OAKS, PENNA. 


Laminated Plastics for Industry 


CORPORATION 


Tubes, Fabricated Parts 
Molded-macerated 


Sheets, Rods, 
Molded-laminated, 


For more information, circle No. 482 > 





“the fast way 


out of today’s 


profit squeeze ts 


through the use 
of more efficient 
materials which 
cost less to 
machine and 
fabricate, yet 
produce a 

better product...” 
i.e. Die-Casting 
with Asarco 


Zine Alloys 








Die-Casting with Asarco’s Federate 


Me 
Fi os — ee 


Low machining costs, superior castability, 
and an excellent plating surface are the big 
reasons why Di-Metal castings are favored 
for fuel pumps, carburetors, grilles, lamp 
housings, instrument panels, horn rings, 
and many other functiona! and 


dec orative automotive components. 


Di-Vetal castings make possib e the faithiul 


r 


oduction of detail that’s so in portant in 


ng trains and other toy 


The 
shape 
die-ca 


appea 





Di-Metal Zine 


Every designer will sit up and take notice 
u hen he S€e€S hou easy itis to produc e 
miniature obje cts with movable parts, 
even linkage, in one Di-Metal zinc casting. 
This is actual size of die-cast scissors. 


Zinc die-casting provides the hardware 
field with the smooth cast surfaces so 
necessary in producing an attractive, 


lasting finish. 


Whe n gears, cams, hubs, 

and shaits can be integrally 
cast in one piece by zinc 
die-casting, a costly assembly 


operation is eliminated. 


All OYS can cut your 


costs...and produce 


a better product in the 


- 
° / 
bar Jain. There’s a big swing in metal 
parts production today to die casting with zinc—and 
it certainly makes good sense. 

For one thing—Federated Di-Metal (alloyed from 
Asarco’s Special High Grade Zinc 99.99 plus % pure) 
is lower in material cost. 

But the big savings come in production. The low 
melting point of Federated Di-Metal cuts casting time 
to the bone. Die casting at lower temperatures calls 
for less expensive dies—and they last far longer. 

Castings can be held to very close dimensional tol- 
erances so that there’s a minimum of machining and 
finishing. And even when this is necessary, highly 
ductile zinc is easy to work. 

Die casting with Federated Di-Metal can produce 
the most complex shapes, the thinnest section walls, 
the smoothest casting surfaces. The castings have 
impact strength and other mechanical properties su- 
perior to other casting metals (with the possible 
exception of copper Ww hich, of course, costs more). 
And zinc die-castings can be readily electroplated or 
coated. 

When you’re both cost and quality conscious, you 
can’t aflord to by-pass die casting with Federatéd 
Di-Metal. It is proving the fastest way out of the 
present “profit squeeze” for a growing list of manu- 
facturers in many fields. 

When You Die-Cast Your Product with 
Asarco's Federated Zinc Di- Metal, 
You Profit from: 


1. Integrated Production. Federated Di-Metal is al- 
loyed using electrolytically refined Special High 
Grade Zinc from ores mined by Asarco. Alloys are 
produced “under one roof” at Corpus Christi, 
Texas, one of the world’s largest electro zinc pro- 
ducing plants — assurance of highest purity and 
uniformity at lowest cost. 

2. Nation-wide Service and Distribution. Always a 
Federated field engineer near you, on call from 23 
sales offices throughout the country. Federated Di- 
Metal is stocked for immediate shipment from a 
nation-wide system of distribution centers. 
Asarco booklets and bulletins of great working 
assistance to the die casting industry, detailing efh- 
cient working practices, selection of alloys, vital 
technical data. Write for your free copy of “For 
Better Die Castings.” to your nearest Federated 
Sales Office or to ASARCO Federated Metals Divi- 
sion. 120 Broadway. New York 5. New York. 


AMERICAN 
SMELTING 
AND 
REFINING 
COMPANY 





Other ways it pays to THINK ZINC 
when yowre cost-and-quality conscious: 


GALVANIZED STEEL. The strength of steel, the corrosion resistance of zinc—at low cost. 

New processing methods assure uniformly thick zinc coating. Galvanized steel can be drawn or 
formed. Roofing and siding sheets for farm and industrial buildings are low in initial cost, 
installation cost, and maintenance cost. Corrugated culvert pipe is easy to transport and install, 
flexible, strong, durable. Galvanized sheets are superior materials in heating and air-conditioning 
installations—cost less, fabricate more easily, are more rigid for longer unsupported spans, 
operate quieter since they expand and contract less than comparable materials. 


Zinc products available from Asarco: 


ZINC SLAB, Prime Western, Brass Special, Intermediate, 


High Grade, Special High Grade; 


ZINC ANODES for cathodic protection of ship hulls and other 


submerged steel structures; 
ZINC DUST, 97% metallic zinc, 97% 
ZINC FOIL for barrier wraps, insulation; 
ZINC ALLOYS for die-casting. 


Federated Sales Offices 


ALTON, ILLINOIS 
Alton Phone: Alton 5-2511 
St. Louis phone: Jackson 4-4040 


BALTIMORE 24, MARYLAND 
Highland & Eastbourne Aves. 
Phone: Orleans 5-2400 
BIRMINGHAM, ALA. 

416 Dalton Drive 

Phone: Fairfax 2-1802 
BOSTON 16, MASS. 

Statler Office Bldg. 

20 Providence Street 

Phone: Liberty 2-0797 
CHICAGO, ILL. (WHITING) 
123d St. & Indianapolis Blvd. 
Chicago phone: Essex 5-5000 
Whiting phone: Whiting 826 


CINCINNATI, OHIO 
1603 Carew Tower 
Phone: Cherry 1-1678 


CLEVELAND, OHIO 
Hanna Building 

1422 Euclid Avenue 
Phone: Prospect 1-2175 
DALLAS, TEXAS 
Phone: Adams 5-5034 


DETROIT 2, MICHIGAN 
522 New Center Building 
7430 2nd Avenue 

Phone: Trinity 1-5040 

EL PASO, TEXAS 

1213 Mills Building 
(Asarco Mercantile Co.) 
Phone: 3-1852 
HOUSTON 29, TEXAS 
9000 Market Street Road 
P.O. Box 24038 

Phone: Orchard 4-7611 
LOS ANGELES 23, CALIF. 
1010 East 26th Street 
Phone: Angelus 8-4291 


through 325 mesh screen; 


MILWAUKEE 10, WIS. 
1608 West Burleigh St. 
Phone: Hilltop 5-7430 


MINNEAPOLIS, MINN. 
Phone: Tuxedo 1-4109 


NEWARK, NEW JERSEY 

150 St. Charles Street 

Newark phone: Mitchell 3-0500 
New York phone: Digby 4-9460 


PHILADELPHIA 3, PENNA. 
1107 Suburban Station Bldg. 
Phone: Locust 7-5129 


PITTSBURGH 24, PENNA. 
615 Gross Street 


Phone: Museum 2-2410 


PORTLAND 9, OREGON 
1900 N.W. 18th Avenue 
Phone: Capitol 7-1404 


ROCHESTER 4, NEW YORK 
Triangle Building 

335 East Main Street 

Phone: Locust 2-5250 


ST. LOUIS, MISSOURI 
Mail Address: Alton, III. 
Phone: Jackson 4-4040 
SALT LAKE CITY 1, UTAH 
700 Crandall Bldg. 

Phone: Empire 4-3601 


SAN FRANCISCO 24, CALIF. 
1901 Army Street 

Phone: Atwater 2-3340 
SEATTLE 4, WASHINGTON 
101 Dakota Street 

Phone: Main 3-7160 


WHITING, IND. (CHICAGO) 
123d St. & Indianapolis Blvd. 
Whiting phone: Whiting 826 
Chicago phone: Essex 5-5000 


IN CANADA: Federated Metals Canada, Ltd. 
Toronto, Ont., 1110 Birchmont Rd. Scarborough, Phone: Plymouth 7-3246 
Montreal, P.Q., 1400 Norman St., Lachine, Phone: Melrose 7-3591 





ARMCO STEELS 


for better products * lower costs 


Stretched to the Breaking Point! 
Armco ZINCGRIP Doesn't Flake or Peel 


Tension tests prove the special Armco hot-dip zinc coating won't 
flake or peel even when the base metal is pulled apart. The coating 
on ZINCGRIP® adheres tightly right up to the broken edge. 


New steels are 


Tensile test specimens of Armco Zinccrip Steel, with grid lines to show extent 
of stretching, are pulled to fracture. Elongation of about 70%, in the area of the 
fracture, caused no flaking or peeling of the special hot-dip zinc coating. 


These tensile test specimens dramat- 
ically demonstrate how Armco 
ZINCGRIP Steel can be deformed with- 
out damaging its rust-resisting zinc 
coating. Nowhere on the specimens, 
cross-hatched to show amount of 
stretching, is there any evidence of 
flaking or peeling of the zinc coating. 
Even at the edge of the fracture, the 


base metal is still protected by the 
ductile, adherent coating. 


Draws, Forms, Bends 

Results of tensile tests aren’t the only 
evidence of the unusual ductility of 
the protective coating on Armco 
ZINCGRIP. For almost a quarter- 
century this has been demonstrated in 


born at 
Armco 


plants throughout the country where 
it has been drawn, formed, pierced, 
bent, extruded and stamped without 
flaking or peeling the zinc coating. 

Get complete information on the 
properties, and fabrication of Armco 
ZiIncGRIP Steel. Write Armco Steel 
Corporation 2779 Curtis Street, 
Middletown, Ohio. 


ARMCO STEEL 





Armco Division * Sheffield Division * The National Supply Company * Armco Drainage & Metal Products, 
Inc. « The Armco International Corporation * Union Wire Rope Corporation »* Southwest Steel Products 
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How NS solved another special steel problem 











Photos rt of Nuclear Systems Division, The Budd Com 
a _ _ RADIOACTIVE MATERIAL is handled remotely by operator 
from behind three-foot thick lead-glass wall. Nilcor strips, which 
make quick, accurate system response possible, can be seen 
running vertically from pulleys just above operator's hands. 
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SPECIAL NS-ATHENIA STEEL 
PUTS LIFE IN ATOMIC-AGE ROBOT 


To manipulate radioactive materials with lifelike 
dexterity, from the other side of a three-foot thick 
protective wall, requires robot controls with a high 
degree of precision and quick response. 


Ordinary cable or belt arrangements gave too 
much stretch between the operator’s ‘‘master’’ hand 
movements and the identical ‘‘slave’? movement at 
the other end of the system. Movements had to be 
translated almost instantaneously and duplicated 
exactly at the slave end of the system. To help 
solve this problem, robot system manufacturers 
came to the Athenia Steel Division of National- 
Standard to find a strip material that would serve 
in the belt-and-pulley arrangement of the mech- 
anism with minimum stretch and friction and with- 
out backlashing or overshooting. 

sass tallies toe Ud eae doen NATIONAL-STANDARD ENGINEERS at 
time lag through seven Nilcor strips (shown in photo) Athenia in Clifton, N. J., recommended Nilcor* 
that travel through 15-foot belt and pulley system. strip (basically a cobalt-chromium-nickel alloy) be- 
cause of its high fatigue resistance, high tensile 
strength and exceptionally high corrosion resist- 
ance— plus less than \% -inch lateral sweep per 8-foot 
length when laying flat without tension. Experi- 
ments with .005 Nilcor strip in the robot systems 
showed an 80% reduction in stretch and 90% re- 
duction in friction over standard wire materials. 


EXPERIENCED ENGINEERING HELP of this 
kind, for jobs requiring specialty steel and wire to 
meet unique applications, is available to you from 
National-Standard. For the many thousands of 
applications where only specialty steel or wire will 
solve the problem, let Nationa!-Standard engineers 
go to work for you. Write for additional information 
to National-Standard Company, Niles, Michigan, 





OPERATOR STATION, shielded by protective 
wall, has television monitor screen where action 
inside radioactive room is reproduced as operator 
manipulates controls of master-slave system. *Trade Mark 


Manufacturer of Specialty Wire and Metal Products 
NATIONAL [=] STANDARD 


DIVISIONS: NATIONAL-STANDARD, Niles, Mich.; tire wire, stainless, music spring and plated wires « WORCESTER WIRE WORKS 
Worcester, Mass.; high and low carbon specialty wires « WAGNER LITHO MACHINERY, Secaucus, N. J.; metal decorating 
equipment « ATHENIA STEEL, Clifton, N. J.; flat, high-carbon spring steels « REYNOLDS WIRE, Dixon, III.; industrial 
wire cloth e CROSS PERFORATED METALS, Carbondale, Pa.; decorative, commercial, and industrial perforated metals. 
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THE ONES THAT WILL LAST (and last, and last)? 
THOSE MADE FROM CONTINUOUS PROCESS 
ZINC-COATED STEEL SHEETS 


And just why will they last and last? 


The people of the Galvanized Container Industry, always alert to make improvements to 
keep their products the best, can give you a multitude of reasons why. Chief among 
them: the continuous process insures a uniformly applied, corrosion-resistant zinc- 
coating. In fact, the zinc and steel are integrated to form a tight bond for every square 
inch, a durable coating which stands up to any rigorous stress of the fabrication process. 


Continuous process zinc-coating will not chip or flake, no matter how much it is twisted, 
crimped or lock seamed. It can be worked to the very limits of the steel itself! Your 
budget benefits because there is no need for additional coating of any kind. 


In continuous process zinc-coated steel, there is a stand-out—Weirkote. On your 
production lines and in your products, Weirkote will work for you all of the time. For 
detailed information on the many advantages of Weirkote zinc-coated steel, write today 
for a brochure. Weirton Steel Company, Dept. £-19, Weirton, West Virginia. 


WEIRTON STEEL 
COM PANY 
WEIRTON, WEST VIRGINIA 


@ division of 


GSES ETE rlON 


- - Ni ts becca Seda tated dette 
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Better 
Brass and Copper 
Products 
Since 1930 


The bright, clean, uniform color of H & H 
tubing, the burr-free ends tells of quality you 
can see. But today scientific instruments like 
the Magnaflux unit pictured at the left, watch 
for tubing imperfections the human eye can't 
see. So if you want tubing that’s free of all 
inclusions, laminations, laps and slivers, tubing 
that’s free of any wavy conditions inside or 
out, it will pay you to always remember you 
can depend on H & H. 


TUBE AND MANUFACTURING CO. 


271 N. Forman Avenue. Detroit 17, Michigan * Offices from Coast to Coast 


METALFLO 


LOCKSEAM COIL STRIP SEAMLESS TUBING TUBULAR PARTS 
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Here’s a tough old squeezer 
that won't wear out 


The donut-shaped steel disc in the main illustration is the mold 
plate used in a large hydraulic press. Under 2,000 tons of pressure, it 
squeezes an abrasive mixture in a mold to make grinding wheels. It’s 
a tough job, and Waltham Grinding Wheel Company had to replace 
these discs every few months because they wore down and became 
unbalanced. Replacements were expensive and they wasted pro- 
duction time. 

Finally, Waltham tried a plate made of USS “‘T-1” Steel. It has 
been used for more than a year now, and Waltham engineers say 
it will last indefinitely. 

**T-1”’ constructional alloy steel has a minimum yield strength of 
100,000 psi. It is exceptionally tough and resistant to abrasion—can 
be furnished heat treated to a minimum hardness of 321 Brinell. 
Compared to carbon steel, it has four times more resistance to 
atmospheric corrosion. In spite of its strength and toughness, ‘“T-1” 
Steel can be formed, machined and welded. And because of its strength, 
it can be used in lighter gages, reducing weight as much as 2%, de- 
pending on the application. 

If you would like to have complete information about ““T-1” 
Steel, write for our book “‘USS ‘T-1’ Steel,’’ United States Steel, 
525 William Penn Place, Pittsburgh 30, Pa. 


USS and “T-1"” are registered trademarks 


United States Stee! Corporation—Pittsburgh 
Columbia-Geneva Steel—San Francisco 

Tennessee Coal & Iron—Fairfield, Alabama 

United States Stee! Supply—Stee! Service Centers 
United States Stee! Export Company 


United States Steel 
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INGENUITY: Key to Successful Honeycomb Sandwich Design 


In most actual honeycomb sandwich applica- 
tions the success of the design is a direct 
measure of the ingenuity of the designer. 
The reason for the heavy dependence on the 
designer’s resourcefulness is that the details 
of such light weight composite materials re- 
quire many unusual innovations in order to 
carry in loads which are higher than can be 
normally sustained by the overall structure. 
Typical of such problems is the design of an 
attachment point, or tie-down fitting, in the 
middle of a sandwich floor. Figure 1 illus- 
trates a satisfactory design wherein the ma- 
terial tie-down fitting is accomplished 
through a wooden block which distributes 
concentrated loads created by the fasteners. 
Figure 2 illustrates another load distribu- 
tion technique utilizing a molded or poured 
plastic block. 


A large diameter washer under the bolt head 
will further aid in load distribution. 


INFORMATION REQUEST 


Send to Hexcel Products Inc. Dept ‘“‘M-2" 
2332 Fourth Street, Berkeley 10, California. 


NAME 





TITLE 





COMPANY. 





STREET. 





city ZONE___STATE_ 





Edge Details 


The edges of a sandwich structure are not 
normally required to be sealed off for en- 
vironmental purposes since most core ma- 
terials are resistant to normal atmospheric 
exposure. It usually is imperative, however, 
to close the edges off to prevent incidental 
damage to the core and to provide strength- 
ening of the sandwich to carry edge attach- 
ment loads. Sketches of typical edge details 
are shown in Figure #3. 
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Fig. ; 


A simple inspection of the various means 
shown should provide an idea for a method 
suitable for a design capable of meeting any 
specific edge loading. 


Adding Strength in 
Critical Areas 


In many designs it is desirable to have the 
overall light weight of a sandwich structure, 
but it is still necessary to meet extremely 
high load requirements in some localized 
areas. These conditions can be met by using 
a high density honeycomb in the local area, 
by adding doublers under the skin, or by the 
use of various composites of inserts as shown 
inFigure #4. 

















These design types are typical of those being 
used today in designs which permit an im- 
provement in strength-weight ratio of four 
to ten times. 

Such results signal even greater achieve- 
ments ahead as designers become more 
intimately familiar with the design opportu- 
nities offered by composite honeycomb 
structures. 





Since World War Il designers of air and 
space craft have made ever-increasing use 
of honeycomb in a great variety of structural 
and non-structural applications. Honeycomb 
can be made from almost any material avail- 
able in continuous web or roll form, e.g., 
aluminum, glass fabric, cotton, stainless steel, 
poper, asbestos, titanium. In its cellular con- 
figuration, honeycomb is 97% air, 3% ma- 
terial. 


Honeycomb has intrinsic qualities of high 
strength, light weight, high ratio of surface 
area to volume and other specific properties 
which depend upon the type of material 
used. These combinations of properties, which 
have given honeycomb wide application in 
air and space croft, offer to designers in in- 
dustry generally unique opportunities in 
product design. In the interest of advancing 
this knowledge of honeycomb, Hexcel, 
through its research and development staff 
(the industry's largest), has prepared this in- 
formational series. Should you desire addi- 
tional technical information or copies of 
others in this series, please complete the in- 
formation request form on this page. Your 
request will receive immediate attention. 











HExXcEL PRODUCTS INC. 


World leader in honeycomb 
Executive Offices: 2332 Fourth Street, Berkeley 10, Calif. 
Plants: Oakland and Berkeley, Calif.;: Havre de Grace, Md. 


Sales Offices: Long Island City, N.Y.; Fort Worth, Texas; 
Inglewood, Calif. 
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MOLYBDENUM 


COLUMBIUM 


VANADIUM 


ZIRCONIUM 


TITANIUM 


TANTALUM 


NICKEL ALLOYS 
STAINLESS STEELS 
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CAPTURING CHLORINE ATOMS TO MAKE ACHROMYCIN®*. .. TETRACYCLINE 


Where no metal but Palladium 


ONLY A PLATINUM METAL DOES IT. This black 
powder is catalyst . . . Palladium, a platinum metal, 
lispersed on activated charcoal. It has just been re- 
ered intact, after catalyzing the chemical reaction 
which tetracycline is produced from chlortetra- 

at Lederle Laboratories. 


Suppose you were asked to “operate” on a complex molecule to remove a single 
chlorine atom without disturbing at all other atoms in this tiny bit of matter. 

Incredibly, such “operations” are routine . . . performed every day on a mass 
production basis at Lederle Laboratories. That’s how, in the equipment shown 
above, chlortetracycline is converted to tetracycline ...an effective antibiotic 
with minimum side reactions. 

The “scalpels” Lederle uses to perform this operation are hydrogen atoms. 
Palladium catalyst dispersed on particles of activated charcoal, guides the 
hydrogen atoms. No one knows exactly how palladium does this . . . but the 
effects are clear. When palladium is present, the hydrogen atom goes into 
action and removes the chlorine atom from each chlortetracycline molecule. 

Palladium is the one most effective way to spark this chemical 
reaction. Equally important, it is not lost .. . is totally recoverable. 


The unique properties of the Platinum Metals may prove useful to you 


Today the catalytic properties of the platinum metals are being applied in 
upping the octane ratings of gasolines, activating flame- 


almost endless ways... 
less hand warmers for sportsmen, detecting fires before they spread, sensing the 


presence of lethal fumes. 





will do the job as well... 


Also, where a hard surface, immune to tarnish, is required, as in electrical 


contacts . . . where conditions involve high temperatures and product purity, as CAN THESE PROPERTIES OF THE 
in the production of lens glasses...or where a combination of severe corro- PLATINUM METALS HELP YOU? 
sion or erosion must be met, as in the case of spinnerettes for rayon production 
...the platinum metals often prove to be the most economical materials for Peak Catalytic Activity 
critical equipment. High Temperature Stability 
Industry is going to higher temperatures and higher pressures. Perhaps your Exceptional Chemical Inertness 
own progress has been blocked by the limitations of materials to withstand 
such severe conditions. The platinum metals have removed many barriers. 
Have you considered them for your problem? 
Platinum, palladium, rhodium, ruthenium and iridium have unique poten- 
tials, well worth your attention. Specialists are prepared to work closely with The six platinum metals are: 


you in ev aluating these metals for new commercial and scientific uses. PLATINUM - PALLADIUM - RHODIUM 
As a first step, write us for additional data on the outstanding characteristics 
RUTHENIUM « IRIDIUM - OSMIUM 


Superior Wear Resistance 


Low Vapor Pressure 


and successful applications of the six platinum metals and their alloys — 
indicating your field of interest or how we might be of assistance. 


*Trademark Lederle Laboratories Division American Cyanamid Co. 


A, 
i! NCO, PLATINUM METALS DIVISION, The International Nickel Company, Inc., 67 Wall Street, New York 5, N. Y. 


For more information, turn to Reader Service card, circle No. 376 





Improved performance plus 
production economies 


Your job...and 


Ceramic to Metal 


VARIABLE RESISTORS « ELECTRONIC SWITCHES » PACKAGED ELECTRONIC CIRCUITS « CERAMIC CAPACITORS « ENGINEERED CERAMICS 


with 
High Alumina 


Precision 
Assemblies 


Take full advantage of the superior elec- 
trical and physical properties of High 
Alumina and Steatite ceramics. Let 
CENTRALAB provide you with complete 
assemblies. 


The specialized techniques of close toler- 
ance ceramic-to-metal fabrication are 
daily routine at CENTRALAB. You can 
eliminate production assembly problems 
and at the same time achieve superior 
products by relying on years of expert 
knowledge and unequalled facilities for 
engineering ceramics. 


CENTRALAB can handle intricate, precision 
assemblies involving machining of cer- 
amics or metals to + .00025, metalizing of 
ceramics, cementing, riveting, soldering, 
plating, and stamping. Such assemblies 
are regularly produced in their entirety — 
from raw stock—in the CENTRALAB plant. 


Write for your free copy of CENTRALAB’S 
Ceramic Design Handbook giving your 
detailed design data and complete elec- 
trical and physical specifications on High 
Alumina and Steatite ceramics. 


PUMP PLUNGER 

Length 117%", diameter ground to 
.0002” Total Indicator Reading. 
Surface finish of 10 micro-inches. 
Stainless steel epoxy bonded to 
high alumina. Similar units up to 18” 
long and 4” diameter can be made, 


VARIABLE CONDENSER SHAFT 
Precision 95% High Alumina shaft 
and silver plated brass hardware 
assembled and machined toa 
Total Indicator Reading require- 
ment of less than .002”, 


TUNER COUPLING ARM 

To hold center dimensions between 
riveted brass pivot and cemented 
phosphor bronze bushing, bushing 
is machined to a tolerance of 
+ .0005” or less. O-ring groove on 
pivot machined to .012” wide, 
—.000” +- .002”. Machined ceramic 
screw. 


NON-FLOATING VALVE SEAT 
Comprised of ceramic cone with 
surface finish of 3-5 helium light 
bands brazed to machined and 
copper plated bushing. After assem- 
bly, Total Indicator Reading of 
ceramic cone is less than .005”. 


CONTACT ROTOR ASSEMBLY 

With riveted and soldered contact 
arm. Nickel plated brass bushing 
soldered to metalized ceramic. Tol- 
erance —.000” -+- .001”. on I.D. of 
bushing after slotting. 


A Division of Globe-Union Inc. 


946H E. KEEFE AVE. 


MILWAUKEE 1, WIS. 


in Canada: 669 Bayview Ave., Toronto 17, Ont. 
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Using this microphotometer, Jessop can detect and measure the 
per cent of even trace elements in a sample of specialty steel. 


“How Jessop reads your specialty steels!’’ 


—C. M. Carlisle, DIRECTOR OF ANALYTICAL CHEMISTRY 


“If you’re ever near the Jessop plant, stop in and ask for a tour 
through our chemical laboratories. 


“There you'll see how Jessop makes certain you get the exact per 
cent of alloying elements specified for your specialty steel. 


“For example, you'll see a microphotometer — that’s what I’m peer- 
ing at so intently in the above photograph! 


“I’m studying a film showing the spectrum of a sample of steel from 
Jessop’s No. 2 electric arc furnace. Each chemical element in this 
specialty steel appears as a distinct line. By reading these lines, I can 
detect even minute traces of elements and after some simple calcula- 
tions, determine the per cent of each.” 


This modern chemical laboratory is one more reason why you get your 
specialty steel tailor-made to your order . . . and you get it on time. STEEL COMPANY 
Specify Jessop ... and then relax! Washington, Pennsylvania 


VMA 6719 


Subsidiary Companies 
Green River Steel Corporation, Owensboro, Kentucky @ Jessop Steel International Corporation, New York City 
Jessop Steel of Canada, Ltd., Wallaceburg, Ontario @ Steel Warehousing Corporation, Chicago, Ill. 


For more information, turn to Reader Service card, circle No. 439 
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THE GREAT STRENGTH OF 


NAXIKA 


LETS YOU ELIMINATE COSTLY 
DEAD WEIGHT FROM YOUR PRODUCTS 


N-A-XTRA is the best low-alloy, extra high-strength steel you can 
buy. Heat-treated, fully quenched and tempered, it’s now available 
in minimum yield strength levels of 80,000—110,000 psi. This is 
nearly three times the strength of ordinary carbon steel. 


The great strength of N-A-XTRA gives engineers and designers a 
unique opportunity to eliminate bulky, useless dead weight from 
finished products. Production men will delight in its superior form- 
ability and superb weldability. Send today for our illustrated brochure 
on N-A-XTRA HIGH-STRENGTH steel. Great Lakes Steel Corporation, 
Detroit 29, Michigan, Dept. D-8. 


4 


GREAT LAKES STEEL 


A DIVISION OF NATIONAL STEEL CORPORATION le 


For more information, turn to Reader Service card, circle No. 390 
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An exciting new and secret project 


Fi ascinating dubbed “operation buzz nut”’ by 


plant and office employes is now 
revealed as a unique and fascinating 
Fastener. we idea in fasteners—MacLean-Fogg’s 
new Whiz-Lock. 
the | 


-t 
| 
| 


fj | 


i 
ri /| 
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STARTLING RESULTS 


Out of M-F research and development labs has come a lock IS 
nut that has amazed even those who first conceived it. A 47 | AAAN SS 
free-spinning surface-bearing lock and tension nut which 
surpassed expectations even in the earlier models. 
The Whiz-Lock principle (an entirely new concept in 
fastening) has been a well-kept secret for over a year. 
Now patent applications are in—and this startling device 
is ready for designers, engineers and production men to 
uncover new properties and uses for this amazing fastener. 


Whiz-Lock was released only when its design 

was capable of precision manufacture on con- 

ventional machinery. Thus Whiz-Lock is NOT a 
} premium-priced nut! 


ON-and-OFF-TORQUE TORQUE-TENSION 
THE CURVE of the TEETH ap a 


UNIFORM TORQUE-TEN- 
SION HIGHEST “BREAK- 
LOOSE" TORQUE 


THE ANGLE of the BASE 


EFFICIENT on ANY SURFACE 
(even depressed side of 
punched holes) INITIAL CON- 
TACT and LOCK IMMEDI- 
ATELY NEXT TO SCREW or 
BOLT HOLE ALL LOCKING 
STRENGTH WITHIN NUT 
CIRCUMFERENCE 














Try this amazing Whiz-Lock .The unequalled locking ability of the pe r Giese: 
test for yourself! Whiz-Lock is only one of its many a as ; ped 


Apply, @ common nut with as much = advantages to designers, engineers NOTE the excellent torque-tension and 
torque as you can. Torque to release a in ‘ f th F Whi 
fh doesn't even reach application and production men. apply and release"’ ratio of the M- iz- 


torque. ; P - * One piece * Free spinning * Very high tension * High Lock in both tests. 

Now spin on a Whiz-Lock, tighten ty im ; 
—and try to break it loose! (Cav- sirength—heat treated * High re-useability * Consistent 
tion: do not attempt on glass-top —uniform torque tension * Highest release torque {o 


or light-weight desks.) application torque * Low cost 


For oversize holes or wherever flange use is | SEND FOR BROCHURE... information on sizes 


indicated, the same WHIZ-LOCK principle is and dimensions...M-F Whiz-Lock Nuts and 
available in flange nuts and screws. Screws and M-F Flange Nuts and Screws 





MACLEAN-FOGG LOCK NUT COMPANY 


5535 N. Wolcott Avenue «+ Chicago 40, Ill.* EXDgewater 4-8420 
IN CANADA: THE HOLDEN CO., LTD., MONTREAL 
For more information, turn to Reader Service card, circle No. 500 


Patents pending 











World's first “screech-free” tires! Butyl rubber makes possible 


REVOLUTIONARY NEW TREAD DESIGNS 


Now Enjay Butyl rubber for tires makes possible radically improved tread 
designs. Tire designers are now able to minimize grooves, put more rubber — I's 
O FIRST CENTURY 
sae IN FREEDOM 
ING FOR PROGRESS 


on the road. So effective are tires of Butyl, they stop faster on wet surfaces 
than ordinary tires do on dry. 


. 
eeeeeeesce 


Tires of Butyl refuse to squeal on any corner, at any speed. And because 
of Butyl’s higher damping factor, they give a smoother, quieter ride on any 
surface practically eliminating the thumping of road seams. They resist sun- 
light, ozone and weathering, are virtually immune to cracking and crazing. 

Butyl, now used in over 100 automotive parts, has proved its outstanding 
resistance to sunlight and weathering, impact, tear and abrasion, electricity, 
gases, and moisture. The versatility of Butyl serves designers more usefully 

-to improve the performance of existing products, and to develop many 
new ones. Let us tell you how Butyl can help you make a better product. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 
ENJAY COM PANY, INC., 15 West 5ist Street, New York 19, N. Y. 


Akron + Boston + Charlotte + Chicago « Detroit « Los Angeles « New Orleans « Tulsa 





For more information, turn to Reader Service card, circle No. 373 
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=> years 


THROUGHOUT THE PAST 60 YEARS, 

THE HARSHAW RESEARCH 

LABORATORIES HAVE PROVIDED MANY DEVELOPMENTS 
AND IMPROVEMENTS WHICH HAVE SERVED TO 

PROMOTE THE GROWTH OF THE ELECTROPLATING INDUSTRY. 
INCLUDED AMONG THESE MANY ADVANCEMENTS 

ARE THE FOLLOWING OUTSTANDING EXAMPLES: 


Rolled depolarized 
nickel anodes. 
NIBRITE . . The first 








commercial bright nickel 














electroplating process accepted 
by the automotive industry. 


ACID TIN ADDITION AGENT developed. 


XXX CAST CARBON ANODES....This special 
composition carbonized nickel anode was 
developed for use in bright nickel solutions. 


METAL FLUOBORATES used commercially 

for electroplating. 

PERFLOW. . The first truly leveling, 

sulfur free nickel deposit. 

GRANULAR NICKEL SALTS...fine crystal 

free flowing single nickel salts of high purity. 

,PERGLOW. . . Outstanding bright’nickel with excellent leveling. 


PERFLOW-PERGLOW DUPLEX Nickel plate 
with unmatched corrosion resistance. 


»AIR AGITATION ... Adaptation for use in Harshaw nickel processes. 
CYNOREX COPPER... Exceptionally simplified bright cyanide copper process. 











We will continue to offer platers complete service, including 
full programs of research and development in addition to complete 
plating processes, anodes, and chemicals 
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working 


for Pliaters 





Nickel salts, nickel anodes, and cyanide of 
potash were Harshaw products produced 
for the Plating Industry as early as 1899, 
This modest beginning grew continuously 
to where our service to Platers includes full 
programs of research and development, 
many plating processes, and a complete 
line of chemicals and anodes. We will be 
happy to send further information on any 
of the items listed here—ask us for it. 








HARSHAW PLATING PROCESSES: 


Acid Tin 

Tin Fluoborate 

Lead Tin Alloy 

Lead Fiuoborate 

Cadmium Fluoborate 

Copper Fluoborate 

Nickel Fluoborate 

Cynorex Copper 
(High Speed Cyanide) 

Cuprex Copper (Acid) 

Perglow Bright Nickel 


Nubrite Bright Nickel 
Nubrite Bright Nickel 
(Air Agitated) 
Airglow Bright Nickel 
Modified XXX Bright Nickel 
Perflow Semi-Bright Nickel 
Perflow Semi-Bright Nickel 
(Air Agitated) 
Perflow-Perglow Duplex Nickel 
Lead —Tin Alloy Plating 
Nibrite Barrel Nickel 


Super Nibrite Barrel Nickel 


CHEMICALS AND ANODES FOR MOST PLATING NEEDS: 


Acid Tin Plating Addition Agent 

Activated Carbon 

Airglow Nickel Plating 
Addition Agents 

Anocaps — Rubber Anode and 

Hook Protectors 

Bags, Anode 

Baskets, Anode 

Boric Acid 

Cadmium Ball Anodes 

Cadmium Fluoborate 

Cadmium Oxide 

Cadmium Plating 

Addition Agent 

Caustic Soda 

Caustic Potash 

Chromic Acid 

Containers, Ball Anode 

Copper Ball Anodes — 
Forged and Cast 

Copper Cyanide 

Copper Fluoborate 

Cynorex Copper Plating 
Addition Agents 

Cuprex Copper Plating 
Addition Agents 

Filter Aid 

Fluoboric Acid 

Hydrofluoric Acid 

Hydrofluosilicic Acid 

Hooks, Anode 

Lead and Lead Alloy Anodes 

Lead Fluoborate 


Lead Plating Addition Agents 

Nibrite Barrel Nickel Plating 
Addition Agents 

Nickel Acetate 

Nickel Anodes — Rolled and Cast 

Nickel Anodes — Toll Cast 

Nickel Carbonate 

Nickel Chloride 

Nickel Formate 

Nickel Fluoborate 

Nickel Salts, Single 

Nubrite Nickel Plating 
Addition Agents 

Perflow Nickel Plating 
Addition Agents 

Perglow Nickel Plating 
Addition Agents 

Potassium Cyanide 

Potassium Stannate 

Rochelle Salts 

Silver Cyanide 

Sodium Cyanide 

Sodium Stannate 

Super Nibrite Barrel Nickel 
Plating Addition Agents 

Tin Aluminum Alloy Anodes 

Tin Anodes — Ball and Cast 

Tin Chloride 

Tin Fluoborate 

Tin Sulfate 

XXX Bright Nickel Plating 
Addition Agents 

Zinc Anodes — Bali, 
Basket Type and Cast 





THE HARSHAW CHEMICAL COMPANY 


1945 EAST 97th STREET + CLEVELAND 6, OHIO 


Chicago 32. Illinois * Cincinnati 13, Ohio * Cleveland 6, Ohio * Detroit 28, Michigan 


Hastings-On-Hudson 6, N.Y. * Houston Il, Texas 


Los Angeles 22, Calif. + Philadelphia 48, Pa, * Pittsburgh 22, Pg. 


For more information, turn to Reader Service card, circle No. 436 
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CA field fabricating 


inated Plastic 


now...Streamliner service on fabricated parts 


Need a part fabricated quickly for prototype development? Need a 

truckload of parts to keep your production lines running? Call your local 

Fabricator of Industrial Formica laminated plastics. One or one million, 

; ek ; he’ll fabricate and deliver your Formica laminated plastic parts on a 
Fabricator Formica Streamliner schedule—within 24 hours in some cases. 


laminated plastics He’s located near you, offers more frequent contact. In many cases 

. . — he stocks standard Formica sheets and rods for Streamliner delivery in a 
Formica® Field Fabricating ne b ome Bat ) 

ays: , a —_ a 

better 3 ways. The new Formica field fabricating service is without equal. It can 

1 ; save you time and money in more efficient parts ar neemnape Write us 

coer —— on a totebox-ful for complete information and the name of the fabricator nearest you. 

a Formica ay re subsidiary of American Cyanamid, 4550 Spring 


Grov ., Cinci i 32, Ohio. 
2 Highest quality assured by fab- ove Ave ncinnati 32, Ohio 
ricating specialists and modern 
equipment 


3 24-hr. delivery on standard ‘ 
Formica sheets and rods a product of 


For more information, turn to Reader Service card, circle No. 396 
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High Strength 
VISCOUNT 44 


NOMINAL ANALYSIS 
Carbon...... 40 Chromium..... 5.00 
Silicon... ....1.00 Molybdenum... 1.20 
Manganese... .75  Vanadium..... 1.00 

plus Alloy Sulphides 


TYPICAL 
MECHANICAL PROPERTIES 


Furnished Hardness RC 42-46 
Ultimate Strength, psi 200,000 
Yield Strength (0.2% offset) psi. . . 175,000 
Reduction of area, % 

Elongation, 2” —% 


Coefficient of Expansion 
OO. 1GOP i. dds ie cen 7.0 x 10-° 


Reduce maintenance problems on 
spindles, arbors, shafts, 


More and more machine tool components and 
maintenance parts are being made of Latrobe’s 
prehardened VISCOUNT 44. Why? Because this 
steel is easy to machine—has unexcelled strength, 
good toughness and exceptional wearing qualities. 
Suitable for parts operating up to temperatures of 
1000°F. Prehardened, Viscount 44 eliminates risk 
of size change and distortion resulting from heat 
treatment. 


Used for spindles, arbors, shafts, axles, brake dies, 
bolts, forming rolls, and other machine tool parts, 
Viscount 44 achieves outstanding performance. Its 
added strength and increased wear resistance sur- 
passes that normally resulting from the use of other 
existing engineering and maintenance steels. 


Have a maintenance steel problem? Call a Latrobe 
Sales Engineer for help in selecting the best steel 
for the job! 


For literature describing VISCOUNT 44, contact .. . 


LATROBE LATROBE STEEL COMPANY 


= 
- 


LATROBE, PENNSYLVANIA 


BRANCH OFFICES AND WAREHOUSES: 


BOSTON « BUFFALO « CHICAGO « CLEVELAND « DAYTON 
M i ’ wu DETROIT « HARTFORD « LOS ANGELES + MILWAUKEE 
MIAMI « NEW YORK « PHILADELPHIA « PITTSBURGH 


for industry SAN LEANDRO «+ TOLEDO 


For more information, turn to Reader Service card, circle No. 489 
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THERMOMETAL' for 


dependable temperature, 
electrical current and 


voltage control applications 


look to Amersil for all 
high purity fused quartz 
requirements. 





CONTACTS 























| Le 7 
coe | 

Leading manufacturers depend upon the out- 
standing performance of Thermometal in elec- 
trical appliances, thermal cutouts, heating con- 
trols and many other applications involving the 
indication and accurate control of temperatures, 
electrical currents, voltages, etc. Thermometal is 
supplied in strip form, rolled and slit to close 
tolerances and tempered to specification. Ther- 
mometal elements and sub-assemblies are also 
supplied to specifications, with or without con- 
tacts attached. Send for literature. 


Amersil manufactures and fabricates high purity 
fused quartz for ultraviolet transmission applica- 
tions, laboratory ware and production equip- 
ment. These products include standard apparatus, 
plain tubing in many intricate fabrications, cru- 
cibles, trays, cylindrical containers and piping 
in a full range of sizes up to 25” in diameter. 
Ingots and plates are available in general com- 
mercial quality as well as in special optical 
grades. Amersil engineers are also prepared to 
assist in developing fused quartz and silica equip- 
ment for special requirements. Send for bulletin. 


AMERSIL QUARTZ DIVISION * 685 RAMSEY AVENUE 
HILLSIDE, N. J. 


H. A. WILSON DIVISION * U.S. HIGHWAY 22 
UNION, N., J. 


AMERSIL 
H. A. WILSON 


DIVISION WRITE FO 


* 
® 
6S 
= 
4 
™ 
? 
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] 
& 
ie 
ot 
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QUARTZ 


ITERATURE DIVISION 


— 


DOMESTIC BIVISIONS:) AMERICAN PLATINUM & SILVER DIVISION, AMERSIL QUARTZ DIVISION; BAKER CONTACT DIVISION, BAKER DENTAL DIVISION, BAKER SETTING DIVISION, 
BAKER PLATINUM DIVISION, CHEMICAL DIVISION, EAST NEWARK INDUSTRIAL CENTER, HANOVIA LAMP DIVISION, HANOVIA LIQUID GOLD DIVISION, IRVINGTON-BAKER 
REFINING DIVISION, BD. E. MAKEPEACE DIVISION, NATIONAL ELECTRIC INSTRUMENT DIVISION, RESEARCH AND DEVELOPMENT DIVISION, H. A. WILSON DIVISION 
COMPANIES ABR@AD: ENGELHARD INDUSTRIES OF CANADA, LTD. TORONTO, ENGELHARD INDUSTRIES OF QUEBEC, LTD. MONTREAL, ENGELHARD INDUSTRIES, LTD 
LONDON, ENGELHARD INDUSTRIES A. G. ZURICH, ENGELHARD INDUSTRIES PTY... LTD. MELBOURNE, SOCIEDAD SURAMERICANA DE METALES PRECIOSOS S. A. BOGOTA, 
INDUSTRIE ENGELHARD &.P. A. ROME, ENGELHARD INDUSTRIES OF SOUTHERN AFRICA, LTD. JOHANNESBURG. ASSOCIATED COMPANIES: acmE TIMBER INDUSTRIES LTD., 
BSOUTH AFRICAN FOREST INVESTMENTS LTO., SOUTH AFRICA, AZOPLATE CORPORATION, CHARLES ENGELHARD, INC., NUCLEAR CORP. OF AMERICA, INC., U.S.A, 
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a simplified mirror-bright 
silver plating process 2 





Here is the most efficient, simple procedure to 
protect electrical electronic and lamp compo- 
nents with a mirror-bright silver finish—through a 
complete range from flash to heavy deposit. The 
procedure is easy, economical and non-critical— 
with little or no polishing required. Silva-Brite is 
a clear, water-white solution, enabling the oper- 
ator to observe work as it is being plated. Uni- 
formly good results are attained with current 
densities ranging from 10 to 40 amperes per 
square foot. Normal room temperature opera- 
tion minimizes fumes and tendency toward bath 
decomposition, Send for descriptive data together 
with detailed plating procedures. 


AMERICAN PLATINUM & SILVER DIVISION 
231 N. J. RAILROAD AVENUE, NEWARK, N. J. 


AMERICAN 
PLATINUM 


& SILVER 


fine wire 
for every application 


Here, you will find a thoroughly dependable 
source for fine wire of ductile and non-ductile 
materials for every application. Special processes 
have been developed for bare drawing wire as 
fine as .0004”. Where smaller fine wire is re- 
quired, the Wollaston Process for ductile metals 
and the Taylor and Extrusion methods for non- 
ductile materials are employed. All standard fine 
wire requirements are stocked for prompt deliv- 
ery. Full facilities are available for the production 
of fine wires made to your own specifications. 


BAKER PLATINUM DIVISION * 113 ASTOR STREET 
NEWARK, N, J. 


RIES. (NE. 


ae IIS 
HARD 4 fe 7 
DIVISION ( SNES LS pee 

e OFFICES: 


execuTiv 
NEW JERSEY 


RK 2. 
113 ASTOR STREET NEWA 


we a at ai ik io 
cial Se aso 2 
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more information, turn to Reader Service card, circle No. 403 
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Today’s metallurgical engineers and 
scientists are constantly meeting the 
challenge of sweeping technological ad- 
vances. Electronic brains that solve 
“impossible” problems . . . jets and 
space craft which open brand-new 
horizons .. . reactors that produce fan- 
tastic amounts of nuclear energy. Ad- 
vances such as these demand better 
metals . . . metals free of inclusions, 
with better electrical conductivity, in- 
creased hot strength, extended creep 
resistance and fatigue limits. In turn, 
better refractories are a “must” in 
order to precisely control purity and 
composition during the development 
of these metals. 

Metal processors have long relied on 
the wide range of Norton Refractory 
products to precisely meet their re- 


Dynamic Achievements With Purer Metals 


‘ 


* ..reflect the positive protection of Norton Refractories 


quirements. High purity (99.5%) 
ALUNDUM* aluminum oxide, outstand- 
ingly stable to both oxidizing and re- 
ducing atmospheres . . . dense, fused, 
stabilized Zirconia for operations re- 
quiring an inert refractory for ex- 
tremely high temperatures . . . non- 
wetting, nitride-bonded CRYSTOLON* 
silicon carbide...low boron MAGNORITE* 
magnesium oxide, ideal for vacuum 
melting. In addition, the Norton 
Man is constantly helping in process 
and product development. Backed by 
Norton Company’s extensive engineer- 
ing facilities, he can offer time and 
money-saving advice on all refractory 
problems. 

Meet your processing requirements 
more efficiently and economically with 
Norton Products and Engineering. For 
complete details write NORTON Com- 
PANY, Refractories Division, 347 New 
Bond Street, Worcester 6, Mass. 


*Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries 


WNORTONMF 


REFRACTORIES 
Engineered... R ... Prescribed 








Making better products...to make your products better 
NORTON PRODUCTS: Abrasives + Grinding Wheels + Grinding Machines + Relractories + Electro-Chemicals — BEWR-MANNING DIVISION: Coated Abrasives + Sharpening Stones + Pressure-Sensitive Tapes 


For more information, turn to Reader Service card, circle No. 417 
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PRODUCT-DESIGN BRIEFS FROM DUREZ 


A switch for fumblers 


Ever try to change a fuse on a 30-amp 
switch in pitch darkness? 

“No—and why should we?” retort the 
designers of many such useful devices. 
“Anyone who doesn’t have a flashlight 
handy for these little emergencies is ask- 
ing for trouble.” 

“Yes—and it was a horrible experience,” 
breathes the designer of this switch. 
“Young son had used up all the flashlight 
batteries at Scout camp. Horrible. Gave 
me the idea for a switch anybody could 
re-fuse. It works, too.” 

This insight into the limitations of the 
average American householder is now 
helping to swell demand for the 30-amp 
safety switch pictured here. As you can 
see, the crossbar that actuates the contact 
has been moved to the back where it 
cannot get in the way of fumbling fingers. 

To accommodate the new design, a one- 
piece block of Durez phenolic supplants 
a two-piece porcelain block. The more 
compact block of Durez allows extra 
hand-room for wiring the switch, and 
weighs less without loss of performance. 

Have you an idea for a better electrical 
device? The odds are good that one of 
more than 200 Durez molding compounds 
can give it the exact mix of properties you 
want it to have. To narrow the uncer- 
tainty, see your molder or write us direct. 


Jet-age abacus 


With the help of Durez plastics, man can 
string words and numbers on wire like 
beads and pick them off again in millionths 
of a second. 

His modern abacus is the IBM magnet- 
ic core memory. Thousands of tiny fer- 
rite cores are wired into a frame like the 
one in the middle of this page. In an array 
of these core planes, stacked one atop 
another, electrical impulses alter the mag- 
netic state of cores. A line of cores, some 
altered, some neutral, stands for a word 
or number, awaiting the impulse that re- 
leases it for calculation. 


® New safety switch idea 


© Phenolics in data processing 
® What's hot in heat resistance 


IBM engineers needed modern materials 
to bring this jet-age concept into being. 
The frame that supports the cores must 
be an excellent insulator. It must be free 
of internal stress that would cause warping 
or cracking. During assembly it must with- 
stand the heat of dip soldering without 
losing its dimensions. Once assembled, it 
must not shrink or expand. 


on aa 





International Business Machines Corporation 


For the core frame, designers and mold- 
er chose a mineral-filled Durez phenolic 
that delivers the ultimate in stability, heat 
resistance, dielectric strength, and mold- 
ability, meeting all requirements. 

Other Durez phenolics prove their in- 
born versatility in the molded circuits of 
stepping switches, emitters, and zebra 
plates in new IBM accounting machines. 


How much for a handie? 


No, you don’t really need a slide rule to 
design a coffeepot handle, but it helps. 
This designer, at the moment, is not 
concerned at all with the compound-curve 
esthetics of coffeepot handles. He is sim- 
ply figuring out how many handles his 


molder can make out of 1,000 pounds of 
which molding compound, and for how 
little money. 

With the slide rule, it takes him only 
three and a half minutes to learn that his 
best bet for this handle is likely to be Durez 
1308. Of the many mineral-filled phe- 
nolics we make, this one is in the lower 
gravity range. More pieces per dollar. 

He has already checked into /308’s 
other traits: rich black surface, uniform 
luster, good heat resistance (it withstands 
450°F for short periods), low water ab- 
sorption, flexural and tensile strengths OK. 

His molder confirms the choice, for dif- 
ferent reasons: he can get /308 in four 
different plasticities, can plunger mold it, 
and it cures fast. Looks as if another good 
product is off the ground. 

You don’t design handles? Well, 1308 
appears to fit into more heat-resistant ap- 
plications than any comparable material 
ever developed: appliance and meter hous- 
ings, wiring devices, tube bases, sockets, 
coil forms. The list goes on and on. But 
we'll stop so you can talk to your molder 
about /308 for that next hot-spot job. 


For more information on Durez materials, check here: 


(1 8-page Bulletin D400 lists properties, uses, design advantages of Durez 
thermosetting compounds, Hetron fire-retardant polyester resins, and Durez 


phenolic bonding resins. 


[) “Durez Plastics News,” mailed periodically, shows and describes latest uses 


of Durez materials. 


Clip and mail to us with your name, title, company address. (When requesting 


samples, please use business letterhead.) 


8 enema an aren an ana enencnarasqnanananaLenaneanesenaansinan 


DUREZ pPLastics DIVISION 


1408 WALCK ROAD, NORTH TONAWANDA, N. Y. 


me HOOKER 


CHEMICALS 
PLASTICS 





For more information, turn to Reader Service card, circle No. 392 
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NEW! FIRE- 








TUNNEL TEST UL 723 
FIRE-RESISTANT PLASKON UREA RATING AS LOW AS 25 


(a ten fold improvement over standard urea!) 


PROPERTIES OF PLASKON FIRE-RESISTANT UREA UFR-28: 


ASTM FIRE- ASTM FIRE- ASTM FIRE- 
MOLDING TEST RESISTANT PROPERTIES TEST RESISTANT TEST RESISTANT 
PROPERTIES METHOD UREA MOLDED METHOD UREA PHYSICAL METHOD UREA 
eS aN cenanenntinnbinipsintiammmennrmaniiemmnn 
Bulk Factor 0392-38 2.4-3.0 Electrical Specific Gravity D792-50 1.47-1.52 
Preformability Good Arc Resistance, sec. D495-58T 110-130 Coefficient of Linear Thermal 
Temperature, F 275-325 Dielectric Strength, v/mil D149-55T Expansion/deg C, max D696-44 2.7 x 10 


Pressure 2,000-8,000 Short time, Ye inch 300-400 Thermal Conductivity, 


0.006-0.014 Step-by-step, Ye inch 200-300 g-cal/(sec) (cm?) (deg C/cm) 7.8 x 10° 
Heat Resistance, F, max 170 
Deflection Temperature 
under Load (Heat distortion), 
264 psi, F 245 
Water Absorption, per cent, 
24 hr @ 25C 0.5-0.7 


Mold Shrinkage, in/in 
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RESISTANT UREA 


PHOTO COURTESY OF UNDERWRITERS’ LABORATORIES INC. 








A.S.T.M. Test D635-56T 
RATING: NON-BURNING 








ASTM 
TEST 
MECHANICAL METHOD 


FIRE- 
RESISTANT 
UREA 





Impact Strength 

izod ft-lb/in. of notch 0256-56 
Flexural Strength, psi 0790-58T 
Tensile Strength, psi 0638-58T 
Rockwell Hardness 0785-51 


0.25-0.35 
10,000-16,000 
5,000-10,000 
M116-M120 


Today, more and more em- 
Plaskon phasis is being placed on 
plastic material possessing 
high fire retardant characteristics. In response to 
this critical need, ALLIED CHEMICAL has devel- 
oped atruly FIRE-RESISTANT Urea UFR-28. Where 
other white and pastel compounds may blister, 
crack, drip, sag, or readily contribute to flame 
spread—PLASKON Fire-Resistant Urea effectively 
meets stringent Underwriters’ Laboratories re- 
quirements. 


In products made of low fire retardant materials, 
the possibility of ‘‘hot spots” arising from over- 
load, long use or any malfunction presents se- 
rious fire hazards. PLASKON Fire-Resistant Urea 
will combat such hazards. Fire-Resistant Urea 
continues to pass test after test requiring maxi- 
mum safety. Whether it be a structural or non- 
structural component for today’s products, look 
to ALLIED CHEMICAL for the thoroughly qualified 
fire-resistant thermoset compound — Fire-Resist- 
ant PLASKON Urea UFR-28 Molding Compound. 


AND LOOK AT UFR-28’s OTHER IMPORTANT PROPERTIES: 


@ High dielectric strength @ Photometrically controlled color 
@ Non-static dust attraction ®@ Self-supporting rigidity 
@ Resistance to detergents @ Ease of cleaning 

@ Hard surface, non-abrasion. 


PLASKON Engineering know-how is at your service with technical assist- 
ance and experience acquired through years of problem solving. A phone 
call or letter is all it takes,..do it TODAY! 


llied 


PLASTICS AND COAL CHEMICALS DIVISION . 
40 Rector Street, New York 6, N.Y. hemical 


BASIC TO AMERICA’S PROGRESS 


For more information, turn to Reader Service card, circle No. 508 
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final check 


on your order for stainless steel plate from Carlson 


@ Stainless steel is our only business—and we know it! Producing to your specified 
tolerances in shearing, sawing, abrasive cutting, flame cutting, forming and machining stainless steel plate is a 
regular Carison service. This accuracy in manufacturing saves time and money in your shop. Fabrication is 
easier; true-up time is cut to a minimum. 

This dependable service makes Carlson a money-saving source of supply for all your stainless steel 
plate. You run no risk of errors which increase your costs and jeopardize your reputation and good will with 
your customers. 

Prompt, effective service starts the moment your inquiry reaches our office. The final check of your 
order is done by Carlson specialists for we know your satisfaction begins right here. Take advantage of our long 
experience in the field. Write today, your inquiry will receive prompt attention. 


GO GEBISOM Le. 

Stainbeur Steels Exobusivelly 
MARSHALTON ROAD « THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


PLATES + PLATE PRODUCTS + HEADS + RINGS + CIRCLES + FLANGES + FORGINGS + BARS AND SHEETS (NO. 1 FINISH) 

















Witco Plant Controls Bring You The Most Uniform 


RESINS FOR 
URETHANE FOAMS 


Why do more and more manufacturers turn to Fomrez 
for rigid and flexible urethane foam production? 


Because WITCO FOMREZ resins assure batch-to-batch uniformity of 
your foam production. Their easy handling characteristics and high 
reproducibility reduce your production budget. 

There’s no compromise on quality with Witco. Up-to-date instrumenta- 
tion guards high manufacturing standards. Quality is controlled at 
every production stage. 

Send today for details of Witco Fomrez Resins. Just fill out and mail the 
coupon. 


FOR FLEXIBLE FOAMS: Fomrez 50 and 
Fomrez 70 + For use in furniture 


foaming system for carbon dioxide 
or Freon blowing. Used in refrig- 


“Vvresins 


WITCO CHEMICAL COMPANY, Inc. 


122 East 42nd Street - New York 17, N. Y. 
(Dept. MDE-8) 


Fomrez 50 and Fomrez 70 
for flexible foams 


| am interested in: ([] 
Fomrez R-400 
and Fomrez P-420 


for rigid foams 
Please send [ literature () sample. The applica- 


tion | have in mind is — 








cushioning and upholstering; auto- 
motive seating, crash pads and 
headliners; garment interliners 
and shoulder pads. 

FOR RIGID FOAMS: Fomerez R-400 and 


Fomrez P-420 + A prepolymer 


Mlle WITCO CHEMICAL COMPANY, Inc. 


Chicago 


erators and other cold-storage 
equipment; for structural rein- 
forcement in sandwich panel con- 
struction; vibration dampening in 
aircraft and automobiles; marine 
flotation; and potting compounds. 


« Boston + Akron «- Atlanta 


Company _—_ 





Address 





I Ee 





122 East 42nd 
Los Angeles «+ 


Street, New Y 


« Houston - San Francisco 


Montreal and Toronto, Canada (P. N. Soden & Co. Ltd.) « London and Manchester, England 


<€ For more information, circle No. 448 


For more information, turn to Reader Service card, circle No. 460 
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ALUMINUM eS 
STEEL 

COPPER ee ; 

ee 


ALIRON © Copper-Base and 

Copper-Cored 
Three-layer and five-layer materials used 
for anodes in rectifier and amplifier tubes. 
Provide longer power output life . . . uniform 
heat dissipation . . . high electrical conduc- 
tivity ...improved anode reradiation... and 
reduce costs. 


TIN CLAD METAL STRIP 
and other Semiconductor Clad Metals 
A number of combinations of clad metals are 
available for use on base tabs, lead wires, 
whisker wires, base materials and enclosures 
in silicon and germanium diodes, transistors 
and germanium power transistors. 


x 


ALUMINUM-IRON ALLOYS 
For magnetic applications requiring low core 
losses and high permeability at low flux 
densities in current and pulse transformers, 


relays, gyro mechanisms, servo mechanisms, 
missile guidance systems, etc. 





ro ; —— 
ALUMINUM — 













if 
' 


— STEEL 
——— ALUMINUM 


~ STEEL 


a 
ee 
Scmeien NICKEL 


ALNIFER®, NIFER& 


These clad metals are used as alternate ma- 
terials for solid pure nickel in electron tubes. 
They conserve critical material . . . reduce 
costs substantially. Supplied in annecled 
coils ready for your production, 


COPPER 


ALUMINUM 
COPPER 


~ 
¢ COPPER 


ALUMINUM 


ALCUPLATE* 


Easily formed, deep drawn or spun. Used for 
waveguides, component cases, variable con- 
denser blades, chassis and electrical or 
thermal conductive parts. Light in weight, 
saves up to 30% over the cost of solid copper. 


CLAD ELECTRICAL CONTACT TAPES 


For products to automate, this 
modern contact form permits greater latitude 
in contact assembly design . . . automatic 
assembly of two or more parts in a single 
operation. Tape contacts are easily attached 
by spot welding .. . are self-aligning . . . 
and allow broader assembly tolerances. 
Save up to 40% in contact costs. 


you want 


PRECIOUS METAL 


CLAD PRECIOUS METAL 
CONNECTOR MATERIALS 
High reliability of connectors, clips, terminals 
obtained by using gold and other precious 
metal alloy stripe materials . . . place high 
performance materials in the contact areas 
cost-savings and improved performance 
over gold electroplated parts. 





» COPPER CORE 
GLASS SEALING ALLOY 


COPPER-CORED GLASS SEALING WIRES 


Featuring a sound metallurgical bond, these 
wires give three times greater conductivity 
than solid 52 alloy wire of equal diameter 

. they facilitate miniaturization. Features 
include: leakproof seal between alloy and 
core, high electrical and thermal conduc- 
tivity, lower costs. 


CLAD CONTACT MATERIALS 


Single and double inlay, overlay and toplay 
provide better electrical performance, longer 
operating life and lower fabrication costs. 
Complete assemblies can be made to close 
tolerances by single blanking and forming 
operations. 


General Plate clad precious-to-base or base-to-base metals are inseparably 


bonded by 


a patented solid-phase bonding process without the use of brazing 





alloys or other intermediate material. 


eT -yal-ie- 1m od l- ha 





If you are seeking metals with useful characteristics that can’t be found in a single 
metal or alloy, investigate clad metals. If you want stronger or lighter components 
'@a Fle Mm) 11-3 t-te tale me O@ar- le — or better electrical and mechanical properties — or fewer corrosion problems 
or if you are interested in conserving critical metals or reducing parts costs, 
you can profit by using General Plate Clad Metals. 
Write for a General Plate Clad Base Metals catalog today. Or better yet, why 
not talk over your requirements with a competent field engineer? His knowledge 
of the applications of clad metals is yours for the asking. No obligation, of course. 


=a f-teq dg let- tm OCxelait- lei mist-ti-iat- ii 


Solve Design Problems... 


METALS & CONTROLS 


STREET 


A DIVISION OF TEXAS 


GENERAL PLATE PRODUCTS: Clad Metals + 
Platinum Metals « 


Provide High 


1608 FOREST ATTLEBORO. MASS.USA 


INSTRUMENTS INCORPORATED 


ntacts « Truflex® Thermostat Metal 
Radio Tube & Transistor Metals 


Performance Reliability 
Electr 


Reactor Metals « 


al C 





Insulate to 





1 CLOTH 

2 TAPE 

3 SLEEVING 
4 YARN 

5S CORDAGE 


This may be the SPECIAL /NSULATION you're looking for! 





REFRASIL PHYSICAL PROPERTIES: If you're looking for an efficient, lightweight 2000°-3000°F. insulating 


© SASN CHEE SF pre Se material in any of the physical forms shown above, REFRASIL may be 
e Resists temperatures up to 3000° F. under 
certain conditions vour best answer. 


z 6 spa gg Long proven for jet aircraft and missile use, REFRASIL is fast becom 
e Fiber diameter : in é yp : " . 

® Specific heat .19 (Batt) ing an important industrial insulation for —300°F. cold to +3000°F. heat. 
* Thickness .14-.15 in. (Batt) When other insulation materials fail in critical high temperature use, 


* Surface density .05 Ib./sq. ft. (Batt) saile aan cay 
einaniie totes ™ . write or call for test samples of REFRASIL. It may be the special insula 


REFRASIL USES: tion vou’re looking for! 

* 2000° F. continuous high temp. insulation 

e Filtration of corrosive materials 

e Removable, insulating blankets 

e REFRASIL Reinforced Plastics 
(ASTROLITE for up to 15,000° for short 
duration) 

e Thermocouple wire insulation 


> aes H. |. THOMPSON FIBER GLASS CO. 


Laboratory heating manties 
1733 Cordova Street, Los Angeles 7, Calif. * REpublic 3-9161 





@ Write for REFRASIL Product Bulletin and Price List. 


WRITE OR CALL YOUR NEAREST HITCO REPRESENTATIVE: EASTERN: | dW. Muhlenfeid, 66 t ht rd., Baltin 
‘ 8685 » SOUTHWEST: M all Morris, 2850A W. Berry, Rm. 7, Fort Worth, Tex., WA. 4 
F CANADA LTD.. € hnston St., Guelpt t.. TA. 2 


Md., VA 5 * MIDWEST: Burnie Weddle F 
F eatt Wash, F 5-9311 * CANADIAN PLANT: THE H HOMF 


c 


NORTHWEST L. Larse 57 Oaklawr 


For more information, turn to Reader Service card, circle No. 
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Engineered by Tinnerman... 


SPEED CLIP’ lets MUFFIN-FAN* user change direction 
of airflow quickly...and saves 25% in mounting cost! 


Some users set the Muffin-Fan, made by Rotron You, too, can use this service to gain all sorts 
Manufacturing Company, to blow a cooling north- of product-design and cost-cutting benefits. Call 
to-south breeze through their electronic or elec- in your nearby Tinnerman sales representative to 
discuss SPEED Nut Brand Fasteners in your prod- 
uct or idea. He’s listed in most “Yellow Pages” 
directories under “Fasteners.” Or write to: 


trical equipment. Others want a south-to-north 
breeze. Both are readily pleased . .. the ingenious 
Tinnerman Speep Cup that holds the fan in its 
frame permits quick snap-out and snap-in to reverse TINNERMAN PRODUCTS, INC. 


the direction of airflow. Dept.12 + P.O. Box 6688 « Cleveland 1, Ohio 


Rotron is pleased, too . . . the specially-designed i 
Speep CLIP assures positive, safe attachment of 
fan to frame. Eliminates possible housing break- T I N N = R M & N 
age. Provides a unique sales advantage. AND cuts 
25% off the cost of the mounting. 
This exclusive SPEED CLIP is one more example 
of the way Tinnerman Speep Nut Engineering 
Service takes a customer’s idea or problem at 
the design stage and develops an efficient part to 
meet the need. And usually with worth-while 


: ; FASTEST THING IN FASTENINGS® 
reductions in parts cost. 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd, Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine) GERMANY: Mecano-Bundy GmbH, Heidelberg, 


For more information, turn to Reader Service card, circle No. 449 For more information, circle No. 483 > 
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the quality copper 








for quality plating... 








Smoother, denser, more uniform finishes are obtained easily 
with OFHC Anodes, made from the purest copper commer- 
cially produced. OFHC brand quality means low porosity, 


excellent grain structure, top anode efficiency in both acid and 


cyanide baths. 

OFHC Anodes are an example of quality also meaning true 
economy. There's more plating copper per pound, bags and 
diaphragms are eliminated, scrap loss is reduced, and solution 
control is simplified. 

Why not put OFHC quality to work for you? Contact your 
OFHC distributor today, or write to the Technical Services 
Section, AMCO Division. 


AMERICAN METAL CLIMAX, INC. >< 


OFHC Anodes—Made Only by American Metal Climax—are Sold by Leading Plating-Supply Distributors Everywhere. 























Photo courtesy LITHO-STRIP CORPORATION, Chicago, Ili. 


* MATERIALS IN DESIGN ENGINEERING 





BONDERIZED 


makes your painted products look better longer 


( 


Most famous of all surface treatments for 
metals—BON DERITE—makes painted alu- 
minum look better longer. 

Bonderite on aluminum means fine appear- 
ance longer, because it controls corrosion and 
anchors the paint. 

Bonderized and painted aluminum is pro- 
duced on automated strip lines in which the 
metal is cleaned, Bonderized and painted, 
then re-coiled ready for use. 

Stamped or roll-formed products are made 
from pre-painted, Bonderized aluminum coil 
without loss of paint adhesion, even from the 
most severe deformation. Here’s production 
efficiency and economy at its best—better 
products at less cost. 


Many Applications of Bonderite 
for Aluminum 


There’s more than one type of Bonderite for 


ALUMINUM 


use on aluminum. In wide use is Bonderite 
as a base for paint, which adds durability and 
long life to paint finishes on so many alu- 
minum products. 

Another Bonderite produces an attractive 
green coating, used on many architectural 
products without further finish. 

Protection without changing the character- 
istic color of the metal is provided by another 
Bonderite. 

There is also a Bonderite, formulated for 
mixed production, which coats aluminum, 
steel and zinc. 

Bonderite for aluminum meets and exceeds 
the irements of Government Specification 
MIL-C-5541. 

Well over two hundred plants—large, 
medium-sized and small—use these great 
Parker products on their aluminum produc- 
tion. Better investigate for your plant, today! 








SEND FOR ILLUSTRAT- 
ED BULLETIN! — Free 
bulletin, with more 
complete informa- 
tion and details, 
mailed immediately 


upon request. Ask 
for Bulletin A6790, 
“‘Bonderite for Alu- 
minum.” 


Aluminum window and screen frame sections 
Bonderized, painted and formed after paint- 
ing. No breaks in finish anywhere! (Courtesy, 
Security Co., Detroit, Mich.) 


Parker Rust Proof Company 


2173 E. MILWAUKEE, DETROIT 11, MICHIGAN 


PARCO COMPOUND PARCO LUBRITE —wear 
rust resistant resistant for friction surfaces 











TROPICAL —heovy duty 


BONDERITE and BONDERLUBE 
maintenance paints since 1883 


aids in cold forming of metals 


BONDERITE corrosion 
resistant paint base 


*Bonderite, Bonderlube, Parco, Parco Lubrite—Reg. U.S. Pat. Off. 


For more information, turn to Reader Service card, circle No. 405 
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This is the semi-automatic model! of the Opta-Matic 
projector, using a 300-watt bulb and 4-inch f3.5 Opta 
cor coated projection lens. With this new lightweight, 
unbreakable, heat-resistant MARLEX case, the whole 
unit weighs only Slightly more than 6 Ib. The special 
Riviera Blue" Color of the case is molded into the 
MARLEX . .. will never fade or discolor. And the attrac- 
tive Sc resistant to marring and stains. 


This fully automatic model of the 
projector can be operated either 
with the push buttons on the motor 
or the remote control cord, or with a built-in 8-second timer. The 
removable section of the black textured finish MARLEX housing _ 
snaps into place making a neat, fully enclosed unit, easily. : 








rojectors with cases made of 


5 MARLEX 


The first major photographic 
application for rigid polyethylene! 


“We picked MARLEX for our new slide pro- 
jector case and height adjustment knob be- 
cause it is the least expensive type of plastic 
material that has the required rigidity, re- 
sistance to heat and impact, colorability and 
gloss,” says Herbert R. Leopold, Vice Presi- 
dent of Optics Manufacturing Corp., Phila- 
delphia, Pa. 

“Our new Opta-Matic is the first projector 
on the market with a thermoplastic housing. 
Since this was a design innovation, we had 
to be sure to select a suitable resin, so we 
tested them all. One ‘high-impact’ plastic 
lasted just 4 hours in our heat test before it 
melted! Another ‘heat-resistant’ plastic 


cracked in several places in our drop test. 
MARLEX was the only material tested that 
matched all our specifications and passed all 
our tests. In fact, we advertise a lifetime 
guarantee for all MARLEX projector com- 
ponents!” 

Whether your major interest is designing 
with injection moldings, thermo-formings, 
extrusions, filaments, sheet or transparent 
film, you will find that MARLEX is the best 
thermoplastic resin for the job. In fact, no 
other material serves so well, and so econom- 
ically in so many different applications. How 
can MARLEX serve you? 


*MARLExX is a trademark for Phillips family of olefin polymers. 


These beautifully styled Opta-Matic pro- 
jectors were designed by James H. Parcher 
of Leotta & Parcher, a leading industrial 
design firm in Philadelphia, Pa. This is actu- 
ally the first slide projector ever designed 
specifically to use a plastic housing, and the 
first important use of rigid polyethylene in 
the photographic industry. 


PHILLIPS CHEMICAL COMPANY, Bartlesville, Okiahoma 
A subsidiary of Phillips Petroleum Company 


MARLEX 
66) 


PLASTICS DIVISION OFFICES 


NEW ENGLAND NEW YORK AKRON CHICAGO WESTERN SOUTHERN EXPORT 


322 Waterman Avenue 80 Brondway, Suite 4300 318 Water Street 111 S. York Street 317 W. Lake Ave. 6010 Sherry lane 80 Broadway, Suite 4300 
East Providence 14,8.1!. New York 5, N.Y. Akron 8, Ohio Elmhurst, til. Pasadena, Calif. Dallas 25, Texas New York 5, N.Y. 
GEneva 4-7600 Digby 4-3480 FRanklin 6-4126 —TErrace 4-6600 MUrray 1-6997 EMerson 8-1358 Digby 4-3480 


For more information, turn to Reader Service card, circle No. 501 
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REPUBLIC’S NEW, TYPE HS6460 METAL POWDER is idea! for sinterings 
of highly stressed components in aircraft and missiles. Provides 
minimum tensile strength of 60,000 psi at 6.4 density as sintered . . . 
100,000 psi after heat treatment. Less than .004% shrinkage from 
die size at 6.4 density. Available in quantities up to and including 
12 tons or multiples. Can be used with existing operating equipment. 
Mail coupon for technical data sheet. 


REPUBLIC TITANIUM is used in dozens of 
structural components and details in the 
Martin P6M SeaMaster, including engine 
nacelle center beams such as the one 
illustrated. Commercially pure titanium and 
titanium alloys supplied by Republic in- 
crease strength and heat resistance, reduce 
weight. Republic Titanium Alloys are among 
the strongest produced, offer exceptionally 
high strength values at elevated tem- 
peratures. 


REPUBLIC ENDURO” STAINLESS STEELS—types 301 and 302—are 
currently being used by Solar Aircraft Company in the fabrication 
of complete engine nacelles for Navy P2V patrol bombers. Stainless 
construction offers greater strength, permits use of lighter gages, 
increases corrosion and high temperature resistance. All types are 
readily formed into desired shapes by the usual commercial methods. 
Send coupon for complete information. 


REPUBLIC 


World’s Largest Producer of Missile Metals—Titanium, 
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From the pioneer in high-performance metals... 


TYPE 4130 ALLOY STEEL 
FINS FOR THE SIDEWINDER 


Close-tolerance, delicately contoured fins for the Sidewinder air- 
to-air missile are currently being produced from Republic Type 
4130 Alloy Steel by the Storms Drop Forging Company, Spring- 
field, Massachusetts. Choice of this high-strength alloy, according 
to Storms, was dictated by extreme performance requirements. 


Republic 4130 offers exceptionally high strength-to-weight 
ratios with the highest strength values. As seen at right, tensile 
strength in the heat-treated condition is over 230,000 psi after 
tempering at 400°F., with a Brinell Hardness of 460. Uniform 
response to heat treatment assures complete deep-hardening 
penetration. 


The Storms Drop Forging Company reports no production 
difficulties involved in the use of Republic 4130. Fins are produced 
from hot-rolled 1%” diameter 4130 bars in successive forging, 
hot trimming, grinding, wet tumbling, and coining operations. 

Republic has pioneered in the development and production of 
new metals to resist heat, reduce weight, or increase strength. 
With constantly expanding research as well as production facili- 
ties and capabilities, Republic stands as the nation’s largest 
producer of high-performance metals—titanium, stainless, and 
alloy steels. 

Let us help you find the most advantageous use of these metals in 
your project. Return the coupon for complete information without 
obligation. Please indicate if you would like a Republic Metal- 
lurgical Specialist to call. 


STEEL 


Stainless Steel, and Alloy Steel 


Serene vcore spare 


Pg ace Re 
Bind ATA Se 
Fe 


TYPE 4130 


REPUBLIC STEEL CORPORATION 

DEPT. ME -7817 

1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 
Have a metallurgist call: Send more information on: 
0 Alloy Steel DC Alloy Steel 

0 HS6460 Metal Powder [HS6460 Metal Powder 
0) Stainless Steel OC Stainless Steel 

(J Titanium 0 Titanium 





Name Title 





Company 
Address semaine 


Zone—____State___ 
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What’s the lowest cost way 





to produce steel parts like these? 


You may be paying considerably more than 

you need to for parts like these if you aren’t 

taking advantage of Ryerson flame-cutting 
service. 

Size makes no difference—nor intricacy of 
shape. You can order one part or one thou- 
sand and get quick delivery of steel cut to 
close tolerance— with almost die-cut accuracy 
from piece to piece. And here’s where the 
saving comes in: 

1. No dies or molds are needed so you save 
this cost when you switch from cast or 
forged parts to flame-cut parts. 

. Less machining is usually required to finish 
a flame-cut part. Sometimes machining is 
eliminated altogether. 

. Freight costs lower—If you’re now paying 
freight on steel you later scrap you may 
well be able to pay for flame cutting with 
the money you save by shipping lighter 


flame-cut parts. The blank for a 6” disc is 
49% heavier than the disc itself. Storage 
and handling expenses are reduced, too. 


. Less time in process— You can often con- 
vert finished products into cash more 
quickly because parts can be produced 
faster by flame cutting. 

. No loss on spoilage or rejects—They’re 
our problem—not yours. 


. Design changes are simpler and can be 
made more frequently without sacrificing 
manufacturing economy. 


You draw on the nation’s largest steel stocks 
at Ryerson—and unequalled flame-cutting 
facilities are ready to work for you. A blue 
print or sketch with clearly marked dimen- 
sions is all we need for prompt handling of 
your requirements. Call your nearby Ryerson 
plant for cost-cutting flame-cut steel today. 


In stock: Carbon, alloy and stainless steel — bars, structurals, plates, sheets and strip, tubing, re-bars — industrial plastics, machinery & tools, etc. 


© RYERSON STEEL 


* BOSTON + WALLINGFORD, CONN. + PHILADELPHIA - CHARLOTTE - CINCINNATI « CLEVELAND - DETROIT + PITTSBURGH 
FRANCISCO + SPOKANE + SEATTLE 


LOS ANGELES - SAN 
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Vacuum 
Melted 


Metals 
and 


Alloys 
—Why Use Them? 


You may get added toughness and 


uniformity that are worth the 


price. And some useful alloys 
must be made by vacuum melting. 
Here is a helpful status report. 


by John L. Everhart, Technical Editor, 


Materials in Design Engineering*. 


Miniature Precision Kearings, Inc. 


Precision bearings for critical applications are produced from 


vacuum melted 52100 steel. 


@ Vacuum melted alloys are clean- 
er and contain less gaseous impuri- 
ties than air melted alloys. This 
increased freedom from inclusions, 
in turn, increases the uniformity 
of the material and may enhance 
the properties. Whether the im- 
provement is worth the additional 
cost depends on the application. 

In general, there is little im- 
provement in such properties as 
tensile strength and hardness as a 


* Now associated with International Nickel Co. 


result of melting in vacuum. On 
the other hand, ductility, impact 
strength, fatigue strength and 
rupture properties, which are 
sensitive to structural variations, 
can sometimes be improved by vac- 
uum melting. 

Two commercial methods of vac- 
uum melting are in use at present. 
They are 1) vacuum induction 
melting, and 2) consumable-elec- 
trode-arc vacuum melting, usually 


called vacuum arc melting. In ad- 
dition, there is another process 
which, while not strictly vacuum 
melting, is industrially important 
and performs some of the func- 
tions of vacuum melting. This is 
vacuum degassing, performed by 
pouring from a conventional fur- 
nace into a mold placed in a vac- 
uum chamber. This process is dis- 
cussed separately. Some of the 
characteristics of the three proc- 
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TABLE 1-—-CHARACTERISTICS RESULTING FROM VARIOUS MELTING PROCESSES 





Melting Characteristics 


Product Characteristics 


Mechanical 
Properties 


Process # — 
Time Metal 


Molten, hr Cleanliness 


Temp, F Pressure Hot Workability Gas Content, ppm Segregation 





Air Melting 2500-3100 | 1 atm 2-3 Poor to fair 24-20,0. 10-150, | Fair Normal Normal 


2500-3100 | Melting, 
1 atm; de- 
gassing, 


0.5-10 mm 


Vacuum Degassing 


Vacuum Induction 2500-3100 | 1-100. 


Vacuum Arc (from air 


melted stock) 2500-8500 | 5-500. 


Vacuum Arc (from vac 
uum induction stock) 





Fair to good 


H.<1, 0, 4-10 
N 2 3-50 


Fair to good 


H» 1-2, 0. 6-30, 
N , 40-100 


H.<1, 021-5, 
N» 2-20 


Very good 


Fair to clean 


Very clean 


Extremely clean 


Normal Improved 5-50% 


Normal Improved 20-200% 


Improved 10-100% 


Relatively free 


Relatively free | Improved 30-300% 





Source Aksoy 


esses are compared with those of 
conventional processes in Table 1. 
The cost 

The cost of vacuum melting is 
high by normal steel melting 
standards. However, the yield is 
more influential in determining 
alloy costs than the melting cost 
and it is impossible to give a good 
cost figure for vacuum melting un- 
less it is known whether the yield 
of saleable product is increased. 

An indication of the relative 
costs of conventional and vacuum 
melting can be obtained from the 
following data, however: It has 
been reported that low alloy and 
tool steels will carry a premium of 
$2.00 to $2.50 per lb if vacuum 
induction melted and $0.50 to $1.00 
per lb if vacuum arc melted. Simi- 
larly, superalloys will carry a pre- 
mium of $1.00 per lb if vacuum 
induction melted and $0.25 per lb if 
vacuum arc melted. 

The advantage of vacuum melt- 
ing must be weighed for each alloy 
and each application. There is no 
justification for vacuum melting 
an alloy if conventionally melted 
material will serve satisfactorily 
in a given application. On the other 
hand, some alloys can be produced 
only by vacuum melting. 

What does vacuum melting 
actually do? 

Some attributes of the two com- 
melting proce- 


mercial vacuum 


90 ¢ MATERIALS IN DESIGN 


dures are discussed briefly in a box 
on p 91. Essentially the two pro- 
cedures perform the same func- 
tions: 


1. Dissolved gases are removed. 

2. Volatile impurities may be re- 
moved. 

3. Reaction between constituents 
may be prevented by removal of 
gaseous by-products. 

4. Nonmetallic impurities, parti- 
cularly oxides, can be prevented 
from forming. 

5. Effectiveness of valuable con- 
stituents such as aluminum and 
titanium can be maintained by 
avoiding formation of compounds 
such as oxides, nitrides, etc. 


Removal of gases and compounds 

The principal value to be obtain- 
ed by vacuum melting is the re- 
moval of general, the 
solubility of a gas in a metal in- 
creases with the temperature, and 
gases are much more soluble in 
liquid than in solid metals. The 
physical solubility of a gas in a 
metal is practically zero in the 
solid state. Thus, gas that cannot 
escape during freezing is liberated 
within the metal, forming porosity 
or blow holes. Gas can also react 
with the metal to form compounds, 
such as oxides. These compounds 
are usually insoluble in the metal 
and can have a detrimental effect 
on its properties. 


gases. In 
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Gases which are dissolved in the 
meta! can be removed by melting 
and solidifying under a suitable 
vacuum. Some compounds can be 
removed also, because they de- 
compose at the melting point and 
the liberated gas can be pumped 
off. For example, oxygen in copper, 
which is present as cuprous oxide, 
can be removed completely by vac- 
uum melting. 

On the other hand, some of the 
more refractory compounds cannot 
be decomposed by vacuum treat- 
ment; these include aluminum, 
chromium and titanium oxides. 
Sometimes they can be removed 
by holding the metal molten under 
a vacuum for sufficient time to per- 
mit them to float to the surface of 
the bath. 

As a result of gas and compound 
removal, vacuum melting improves 
the cleanliness of the material. The 
greatly reduced inclusion content 
of 52100 steel after vacuum melt- 
ing results in increased bearing 
life for this material. This con- 
trol of cleanliness is possible with 
other materials also, but not in 
all compositions; the high manga- 
nese and silicon contents of low 
alloy steels, with resulting large 
inclusion content, make it extreme- 
ly difficult to obtain a high degree 
of cleanliness through vacuum 
melting. 

Uniformity—An important by- 





product of the increased cleanli- 
ness of vacuum melted alloys is 
the high degree of uniformity that 


results from heat to heat. Some 
of this improvement may be the 
result of using purer raw materi- 





The two commercial vacuum 
melting procedures in use at 
present are: 1) vacuum induction 
melting, and 2) vacuum arc melt- 
ing. Their characteristics are 
compared with those of other 
melting processes in Table 1 and 
discussed briefly below. 


Vacuum induction melting 

The vacuum induction furnace 
differs from atmosphere furnaces 
only in its operating pressure. 
Temperatures and working of the 
melt are identical in both opera- 
tions. 

The benefits to be derived from 
vacuum induction melting are: 

1. Control of composition which, 
in turn, gives greater uniformity 
in the properties of the alloy. 

2. Modification of composition 
that results in greater creep 
strength. 

3. Reduction of harmful inclu- 
sions, which improves forgeability. 

Ingot structure is not improved 
by vacuum induction melting. 

One disadvantage of vacuum 
induction melting is crucible con- 
tamination; rate of attack on the 
refractory by carbon is intensi- 
fied at low pressures. In the vac- 
uum melting of M-252 it has been 
shown that attack on the refrac- 
tory can result in sufficient pick- 
up of boron and zirconium to sig- 
nificantly affect the high tem- 
perature properties. Although 
this discovery was beneficial since 
it led to the addition of controlled 
quantities of boron and zirconium 
with a corresponding improve- 
ment in high temperature proper- 
ties, contamination from the 
crucible might be detrimental in 
other alloys. 

Induction vacuum melting has 
two serious cost disadvantages: 
small capacity and low melting 
rates. In addition, installation 
costs are higher than for either 
vacuum arc melting or vacuum 
pouring. Many authorities believe 
that electrical and mechanical 
problems will limit the size of 
vacuum induction furnaces to a 
maximum of 5000 lb capacity. 





Vacuum Melting: The Two Processes 


Vacuum arc melting 

Vacuum arc melting can be 
considered as similar to consum- 
able electrode arc welding. In 
exactly the same manner as in 
welding, the stock is carried 
across the arc and deposited in 
a pool below. However, the metal 
is collected in a water-cooled 
copper mold. 

The outstanding feature of this 
process is its ability to produce 
an exceptionally sound ingot by 
controlled solidification. It is pos- 
sible to produce homogeneous 
ingots up to at least 20 in. in 
dia by vacuum arc melting. Actu- 
ally, the major function of the 
vacuum is to protect the melt 
from oxidation. 

However, considerable degassi- 
fication occurs also because the 
pool of molten metal is quite deep 
and permits a fairly long reac- 
tion time during which some dis- 
sociation of oxides and nitrides 
can occur. Vacuum arc melting 
of alloys such as Waspaloy, M-252 
and A-286 reduces hydrogen, 
nitrogen and oxygen by at least 
60%, and in some cases up to 
94%, according to some investi- 
gators. Greater purification is 
possible in carbon and low alloy 
steels than in high temperature 
metals because of the relatively 
greater instability of the nonme- 
tallic inclusions. It is also pos- 
sible to levitate some of the com- 
pounds that do not dissociate, al- 
though they generally freeze on 
the crucible walls and can be re- 
moved by subsequent ingot con- 
ditioning. 

Vacuum arc melting does not 
provide all the desired improve- 
ments in an alloy. It improves 
forgeability and produces a better 
ingot structure. However, use of 
air melted electrodes limits the 
control of chemistry to that 
achievable in air melting. To 
obtain optimum high temperature 
properties of special alloys elec- 
trodes produced by vacuum in- 
duction melting must be used. 
This requirement is the major 
disadvantage of the process. 








als, but most is the result of the 
elimination of variables that occur 
in air melting. Uniformity per- 
mits the designer to reduce his 
factor of safety which must be 
based on the lowest value to be 
expected rather than on the aver- 
age. 

Economics—On the economic 
side certain factors must be consi- 
dered. For example, is it more 
economical to use a pure feed stock 
or to use an impure stock and in- 
crease the refining cycle? 

Another factor is the degree of 
degassing required. There is still 
a great deal of work required to 
determine how much gas can re- 
main in the metal without detri- 
ment to the properties. In some 
cases, purification beyond a certain 
limit may greatly increase manu- 
facturing ‘cost with only a slight 
improvement in properties. 

As a corollary to these two 
points, there is another considera- 
tion. Would the melting of highly 
purified materials in a conven- 
tional are furnace yield alloys 
having properties sufficiently close 
to those of vacuum melted alloys to 
eliminate. the need for vacuum 
melting. If so, it may be possible 
to reduce costs considerably by 
using conventional furnaces for 
some alloys. Of course, this possi- 
bility would apply only to alloys 
which can be air melted. 

What materials are 
vacuum melted? 

Practically any alloy can be vac- 
uum melted and a great number 
have been prepared on an experi- 
mental basis. Whether they will 
ever reach commercial production 
depends on the degree of improve- 
ment restilting from the process. 

Impfovements from vacuum 
melting can be considered under 
two categories: 

1. Materials that can be proc- 
essed by conventional methods. 
In materials of this kind, any im- 
provement can be attributed to 
the process. 


2. Materials that require vac- 
uum melting because of their com- 
positions. Improvements offered by 
such materials are the direct re- 
sult of changes in composition per- 
mitted by use of the vacuum melt- 
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ing furnace. 

Materials that can be produced 
either by conventional or vacuum 
processes include the usual alloy 
steels, stainless steels, tool steels, 
many specialty steels and some of 
the superalloys. How great a fac- 
tor vacuum melting will be in the 
production of these materials is a 
matter of considerable disagree- 
ment. For example, some tool steel 
producers believe that all hot work 
tool steels will be produced by vac- 
uum arc melting within a few 
years ; others believe that this proc- 
ess will be used only for tool steels 
intended for specialty applications 
such as high temperature bearings. 

With the alloy steels, such as 
4340, the high premium asked for 
vacuum melted material will cer- 
tainly limit its use to critical appli- 
cations. Most applications will 
probably continue to be served by 


TABLE 2 -APPLICATIONS OF 
VACUUM DEGASSING AND MELTING 





Small Scale or 
Experimental 


Proved Applications - 
Applications 





VACUUM DEGASSING 


Turbine rotors 
Generator rotors 
Propeller shafts 
Backing rolls 

High pressure casings 


| Tools and dies 


VACUUM INDUCTION MELTING 


| 
Atomic energy (U, Pu | High boron stain- 
alloys) less steel 
Jet engines and gas tur- | Stainless steel to 
bines: turbine buck- resist stress cor- 
ets and disks | rosion 
Bearings | Low alloy steel to 
Electrical and resistance resist temper 
heating elements embrittlement 
Tools and dies | Glass-to-metal seals 
Electronics | Jewelers’ rolls 
Magnetics 


VACUUM ARC MELTING 


Jet engines and gas tur- | Compressor blad- 
bines: turbine disks, ing 
buckets, casings 

Bearings 

Refractory and reactive 
metals: Ti, Zr, Mo, Cb, 
W, U, Pu, Rh, Yt, 
and others 








Evans. 


Source: 
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conventionally melted stock. This 
probability also holds for stainless 
steels. However, the superalloys 
may eventually be produced by vac- 
uum melting because of their 
severe service requirements. 

A factor that may limit growth of 
vacuum melting is the considerable 
probability that vacuum degassing 
will be used extensively in the 
future. The process is relatively 
inexpensive and is applicable to 
conventional melting equipment 
handling large tonnages. 

On the other hand, the second 
group of materials—alloys that are 
vacuum melted because of their 
composition—must be vacuum 
melted. These materials include 
many of the nickel, cobalt or iron- 
base superalloys which contain re- 
active elements such as titanium, 
aluminum, boron and zirconium in 
quantities sufficiently great to 


make it difficult to obtain uniform 
compositions and properties by 
conventional melting methods. The 
group also includes alloys such as 
alfenol that are not workable when 
cast in air but are workable after 
vacuum casting. Of course, this 
group also includes materials such 
as titanium, zirconium and similar 
highly reactive metals that must be 
handled in a vacuum. 

An idea of the applications of 
the various vacuum processes is 
given in Table 2. The number of 
alloys that can be or have been 
produced in commercial or semi- 
commercial quantities is large and 
no useful purpose would be served 
in listing them. An idea of the ex- 
tent can be obtained from a recent 
compilation of producers and prod- 
ucts by Metal Progress, published 
in August, 1958. This list included 
21 nickel-base superalloys, 6 iron- 


TABLE 3—NOMINAL COMPOSITION OF ALLOYS MENTIONED (%) 





Alloy cr | Ni | 


Co | Fe | Mo| Ti | Al Other 





NICKEL-BASE SUPERALLOYS 


0.08 | 19.5 | Bal 
0.10 | 19.0 | Bal 
0.15 | 19.0 | Bal 
0.12 | 19.0 | Bal 


Waspaloy 
Udimet 500 
M-252 
Rene 41 
GMR-235 
GMR-235D 
R-235 


0.15 | 15.5 | Bal 
0.16 | 15.5 | Bal | 


COBALT-BASE SUPERALLOYS 


X-40 


IRON-BASE SUPERALLOYS 


25.5 | 
26.0 
26.0 | 


0.06 | 14.8 
0.06 | 13.5 
0.05 | 13.5 


| es 
Discaloy 
W-545 





IRONS AND STEELS 


4340... 


6 

52100... 
Ni-V-Mo.... 
VascoJet 1000 
UHS-260. . 
Thermanol 
Alfenol.... 
...... 
446 





0.15 | 16.0 | Bal | 


4.25 | 3.0 | 1.3 | 210.06, B 0.005 
4.0 | 3.0 | 30 | 

9.75 | 2.5 | 1.1 | 270.06, B 0.005 
9.75 | 3.2 | 1.6 | B0.006 

/5.3 | 22 | 3.2 | B0.075 
§.25| 2.5 | 3.6 | B0.075 


15.5 | 25 


- | Bal | 13 | 2 = ee 


Bal | 3: 17 - 


11.5 | 2.85 | 0.20} B0.08 
| 


- | Bal 


-~ |}V05 
| — | V0.2, Si 1.85 


- | N 025 
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base superalloys, 4 cobalt-base 
superalloys, 12 alloy tool steels, 16 
stainless and heat resisting steels, 
and 30 miscellaneous steels. 

Compositions of the materials 
mentioned in this article are given 
in Table 3. 

How vacuum melting 
affects properties 

The properties of vacuum melted 
alloys differ from those of air melt- 
ed materials because of the effect 
of the vacuum on dissolved gases 
or on gases formed by thermal dis- 
sociation or chemical reaction. By 
removing these gases from the 
melt, the process generally yields 
a steel having a greatly reduced 
inclusion content. 

Structurally sensitive properties 
are affected by the nature, quantity 
and distribution of impurities. 
These properties include ductility, 
fatigue strength, impact strength, 
and such magnetic properties as 
permeability, coercive force and 
hysteresis losses. Structurally in- 
sensitive properties such as tensile 


Haynes Stellite Co. 


Axial flow power wheel for a gas turbine is a typical application of vacuum 


melted superalloys. 


strength show little change. 
Although there is a difference of 
opinion among various producers 
as to the relative merits of vacu- 
um induction and vacuum arc 
melting, the two processes per- 
form essentially the same func- 
tion. Therefore the properties of 
vacuum melted alloys should be 
similar regardless of which meth- 
od is used in producing them and 
no distinction will be made here. 
No attempt has been made in 
this article to include the proper- 


TABLE 4--ROOM TEMPERATURE PROPERTIES 





Melting | Testing 
Method | Direction 


Alloy Heat Treatment 


Impact 
| Yid Str Str 
(0.2% Elong (Charpy 
offset), | (2 in.), | Red. of V), 
1000 psi A Area,%|_ ft-lb 


Ten Str, 
1000 psi 





Norm 1600 F, 2 hr | Air 
at 1500 F, oq; temp 
2 hr at 35 F 


4340 Long 


Trans. 


Long 
Trans. 


Vac 


To Rockwell C45- Long 


48 Trans. . 


Long 
Trans 


1 hr at 1700 F, oq; 
temp 2 hr at 550 F 


Long 
Trans 
Vac... .| Long 
Trans 


Long 
Long 


To 280,000-300,000) Air 
ten str Vac.. 


VascoJet 
1000 


Long 
Long 


A286 Air. 
Vac.. 


Long 
Long 


Discaloy Air. 
| Vac.. 


Long 
Long... 


W-545 Air. 
Vac... 





290 222 10 35 
288 221 17 


215 12 4} 
222 0 40 


285 
287 


226 45 
226 15 


230 
230 


215 2 50 
215 10 35 


230 
230 


240 39 
246 10 


280 
281 


233 44 
236 38 


270 
270 


235 8 28 
234 51 


288 
289 


290 248 5 
282 251 24 


135 90 22 
140 | 8&8 30 


128 17 
132 22 


168 | 
173 | 
| 





ties of all available alloys. Instead. 
examples have been selected to 
point up characteristic differences 
and similarities between vacuum 
and air melted materials. 

- at room temperature 

A characteristic of many con- 
ventionally-melted wrought mate- 
rials is anisotropy, i.e., a difference 
in the properties in the longitu- 
dinal and transverse directions. A 
cause of this anisotropy is elonga- 
tion of the inclusions during pri- 
mary working, and it is impossible 
to remove the effect by subsequent 
heat treatment. If inclusions could 
be completely eliminated, it should 
be possible to produce a completely 
isotropic material. This ideal con- 
dition cannot be realized in prac- 
tice, but limitations of inclusions 
can be achieved during vacuum 
melting to a greater degree than 
in air melting. 
> Table 4 shows the longitudinal 
and transverse properties of a 
number of materials after air and 
vacuum melting. The tensile and 
yield strengths of the air melted 
materials are practically the same 
in both directions. However, duc- 
tility is much lower in the trans- 
verse direction than in the longitu- 
dinal direction. 

In the vacuum melted alloys, ten- 
sile and yield strengths are prac- 
tically identical in both directions 
and the transverse ductility is not 
much lower than the longitudinal 
ductility. 

Comparing the properties of the 
air and vacuum melted materials 
in Table 4 shows that, in general, 
the strengths are not greatly dif- 
ferent but there is a marked in- 
crease in the ductility after vac- 
uum melting as shown by elonga- 
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transverse ductility of AISI 4340 
at several strength levels. There is 
a significant improvement in duc- 
tility at all strength levels. Al- 


tion, reduction of area and impact 
tests. 
> Fig 1 shows the effect of vac- 


uum induction melting on the 
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Fig 1—Transverse properties of air melted and vacuum are melted AISI 4340. 
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Fig 3—Stre ss-rupture properties of 
melted Wasp- 


Fig 2—Transverse ductility in cen- 
A-286 billets after 


vacuum me lting. 


ter of air and air melted and vacuum 


aloy. « hesnut) 


Dyrkac and Pitler) 


Defries 


though data are not shown, there 
is less improvement in longitudinal 
ductility. 

> Comparison of the endurance 
limit of AISI 4340 after air and 
vacuum melting shows an increase 
from 92,000 psi to 107,000 psi in 
the longitudinal direction and 
56,000 psi to 87,000 psi in the 
transverse direction as the result 
of vacuum arc melting. It is partic- 
ularly noteworthy that the trans- 
verse endurance limit of the vacu- 
um melted material is almost as 
good as the longitudinal endurance 
limit of the air melted material. 
Since these results were obtained 
on the same heat of steel, the im- 
provement can be _ attributed 
directly to the effects of vacuum 
melting. 

> Segregation in the center of 
large billets is a problem in such 
applications as gas turbine wheels 
where center ductility is impor- 
tant. In turbine wheel materials 
such as A-286, center ductility de- 
creases with increase in segrega- 
tion, and generally the segregation 
becomes progressively worse as the 
ingot size increases. The segrega- 
tion problem is minimized by vac- 
uum arc melting because of the 
rapid cooling and_ solidification 
rates. Fig 2, which compares the 
ductility of transverse specimens 
taken from vacuum and air melted 
billets ranging from 7 to 101% in. 
square, shows the improvement re- 
sulting from vacuum melting. 

> High chromium alloys, such as 
types 430 and 446 ferritic stain- 
less steels, normally exhibit brittle 
fracture at room temperature. 
Vacuum melting techniques have 
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melted GMR-235, and effect of modification in composi- 


tion (GMR-235D). (Metal Progress, May ’58) 
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permitted production of these 
alloys with substantially lower 
transition temperatures and con- 
sequently greatly improved room 
temperature impact strength. In 
type 430, the transformation tem- 
perature was lowered from 212 F 
to —40 F by changing from air to 
vacuum induction melting; as a 
result, the room temperature im- 
pact strength increased from 8 
ft-lb to 220 ft-lb. Similar improve- 
ments were found in tests on type 
446 stainless steel. 


- . . at elevated temperatures 

Waspaloy was one of the earliest 
materials to be produced com- 
mercially by vacuum melting, and 
the improvement in stress-rupture 
properties has been discussed fre- 
quently. Briefly, the original speci- 
fication for air melted Waspaloy 
called for a minimum rupture life 
of 23 hr under a load of 27,000 psi 
at 1500 F; no ductility require- 
ment was specified. Recently, vac- 
uum melted Waspaloy has been 
produced which withstands 75 hr 
under 40,000 psi load at 1500 F 
and in addition has a minimum 
elongation of 10%. 

This great improvement in 
stress-rupture properties cannot be 
attributed solely to vacuum melt- 
ing. It results from a combination 
of vacuum melting and a modifi- 
cation of the composition. 

In nickel alloys such as Waspa- 
loy, air melting results in the 
formation of significant quan- 
tities of titanium oxide and ni- 
tride. Vacuum melting not only 
produces a cleaner material, free 
from inclusions of this type, but 
also releases the titanium for its 
proper function in alloying with 
the base metal; the strengthening 
effect is reflected in increased high 
temperature strength. 

In alloys of this type, vacuum 
melting also permits lowering the 
content of the normal deoxidizers, 
manganese and silicon, because 
carbon functions with greater 
effect at low than at normal pres- 
sures. Elimination of manganese 
and silicon results in improved high 
temperature properties. 

Finally, the discovery that small 
additions of boron and zirconium 
had a beneficial effect on high tem- 


TABLE 5 -STRESS-RUPTURE PROPERTIES 





Alloy Melting Method Temp, F 


Rupture Properties 


Time, hr Stress, 1000 psi Elong, % 





Discaloy Air 1200 
Vac 1200 


W-545 Air 1200 
1300 


1200 
1300 


1500 
1600 
1700 


1500 
1600 
1700 


1500 
1500 





75 3 
210 12 


49 4.6 
31 3.8 


130 8.0 
50 8.3 


100 3.0 
100 : 3.5 
100 


100 5.5 
100 
100 


300 
300 





perature properties led to further 
modifications of the alloy. Thus, 
the original Waspaloy is not the 
same alloy as that being produced 
currently, and direct comparison 
of properties of the older with the 
new material is not valid. Fig 3, 
showing stress-rupture properties 
of air melted and vacuum melted 
Waspaloy, should be considered 
with this restriction in mind. 

> A comparison of the stress-rup- 
ture properties of several alloys 
after air and vacuum melting is 
shown in Table 5. Although the 
life, or conversely the stress, is 
generally higher after vacuum 
melting, particularly significant is 
the improvement in ductility. 

> Another example of the improve- 
ment in properties resulting from 
vacuum melting is shown in Fig 
4. In this alloy, M-252, both rup- 
ture and fatigue strength are 
higher in the vacuum melted than 
in the air melted alloy. René 41, 
a recently developed modification 
of M-252, further improves the 
rupture properties. 

> Vacuum melting has a very defi- 
nite advantage in permitting the 
use of greater percentages of such 
alloying elements as aluminum and 
titanium than can be successfully 
added during air melting. This 
ability to increase the hardener 
employed in 


content has been 


various nickel, cobalt and iron- 
base alloys in the development of 
a whole new series of high tem- 
perature materials. Fig 5 shows 
the rupture properties of GMR- 
235 and includes also the proper- 
ties of a modified alloy, GMR- 
235D. It is apparent that the rup- 
ture properties have been signifi- 
cantly increased by the change in 
composition. 
> Vacuum melting will not always 
improve an alloy. Reducing the 
gas content in a titanium-hardened 
nickel-base high temperature alloy 
may improve the ease of fabrica- 
tion and the high temperature 
properties. Reducing the gas con- 
tent by the same amount in mild 
steel or a columbium-stabilized 
austenitic stainless steel results in 
little improvement; in fact, the 
columbium-bearing stainless steel 
may have lower creep strength 
after vacuum melting because of 
the removal of nitrogen. 
. « » Of magnetic materials 
Magnetic properties can also be 
improved by vacuum melting; the 
magnetic permeability of high 
purity iron has been increased 
tenfold by vacuum treatment to 
reduce the nitrogen content. A 
magnetic nickel-iron alloy contain- 
ing 40% iron had a coercive force 
only one-fifth that of an air melted 
alloy of similar composition. 
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- » « Of bearing materials 

It has been known for a long 
time that the life of a bearing is 
greatly influenced by the presence 
or absence of inclusions and large 
carbide formations. In general, 
standard 52100 bearing steels hav- 
ing excessive inclusions have poor 
average life; steels having aver- 
age inclusions have bearing lives 
equal to those predicted in pub- 
lished handbooks; exceptionally 


clean steels provide bearing lives 
up to twice the predicted life. Just 
why inclusions are so detrimental 
is not known. 

Although electric furnace steel 
fairly free from inclusions has 
been produced in isolated cases, 
vacuum melting is the most con- 
sistent method of producing bear- 
ing free from inclusions. 
Vacuum melted 52100 ball and 
ring materials have shown test 


steel 


endurances consistently averaging 
twice those of similar electric fur- 
nace steel. 
Workability is also improved 
In addition to properties that 
can be measured quantitatively, 
there are properties that can only 
be indicated on a qualitative basis. 
Of particular significance in this 
discussion is workability. 
Vacuum melting prevents the 
formation of such compounds as 





“Vacuum degassing” in this 
country refers to vacuum pour- 
ing, which involves melting in 
conventional furnaces and teem- 
ing into an ingot mold placed in 
a vacuum tank. Reduction of 
hydrogen content and prevention 
of oxidation of the molten steel 
during teeming result in im- 
provements in the product. 

An important advantage of 
vacuum pouring is its appli- 
cability to large tonnages. Ingots 
as large as 120 in. in dia and 
weighing 500,000 Ib can be pro- 
duced at per-lb costs much lower 
than those of vacuum induction 
or vacuum arc melting. 

Reduces flaking—The major 
application of vacuum pouring 
at present is the production of 
large forgings in which forma- 
tion of flakes is a problem. 

Hydrogen is generally 
sidered responsible, at least in 
part, for the formation of flakes. 
For the successful production of 
large highly alloyed forgings, 
the hydrogen content must be 
minimized. Conventionally, this 
is accomplished by a long heat 
treatment that causes the hydro- 
gen to diffuse out of the ingot. 
Prevention of flaking by means 
of extended thermal cycles be- 
uneconomic as forging 


con- 


comes 
size increases. 

The ideal method of melting 
without hydrogen pickup would 
be use of a vacuum, but this 
procedure is impractical for 
large heats. Therefore teeming 
in a vacuum has been adopted 
by some producers, both in the 
United States and in Germany. 
Vacuum pouring in one plant 
reduced the hydrogen content by 
an average of 63%. Apparently 





Vacuum Degassing 


nitrogen and carbon monoxide 
are also reduced although the 
extent of removal has not been 
definitely established. 

The greatest improvement re- 
sulting from vacuum pouring is 
improvement in internal sound- 
and reduction of flaking 
and micro-crack formation. The 
product of the degassed ingot 
is much less flake-sensitive than 
that of the conventional ingot. 
The extent of improvement de- 
pends on the nature of the steel 
composition. 

Reduces hydrogen 
ment—Some steels are sensitive 
to hydrogen embrittlement. In 
air melted steels of this type, 
aging at temperatures from 212 
to 500 F improves the ductility 
although there is little change 
in strength. Vacuum poured 
steels do not show this differ- 
ence on aging. The accompany- 
ing bar chart contrasts the duc- 
tility of conventionally poured 
and vacuum poured nickel-vana- 
dium-molybdenum steel; not only 
has the vacuum treatment elim- 
inated the aging requirement 
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but it has also resulted in in- 
creased ductility. 

Although forging steels of the 
nickel - chromium - molybdenum- 
vanadium and chromium-molyb- 
denum-vanadium types are not 
sensitive to the type of hydrogen 
embrittlement indicated by di- 
minishing tensile ductility, and 
therefore show no improvement 
in properties on aging, steels of 
this type are considerably more 
ductile after vacuum pouring 
than after conventional pouring. 
The property improvement can- 
not be attributed to removal of 
hydrogen but is probably the 
result of increased cleanliness. 

Likely to expand in 
Vacuum pouring of large ingots 
is economically practical now 
and it is likely to become more 
important in the future as ma- 
terial requirements become more 
rigid. In the production of large 
forgings for critically stressed 
parts, vacuum pouring will prob- 
ably be used for all hydrogen- 
sensitive compositions and even 
for compositions not sensitive to 
hydrogen. 
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Effect of vacuum degassing on ductility of nickel-vanadium-molybde- 


num forgings. (Stoll) 





MATERIALS IN DESIGN ENGINEERING 








titanium oxide and nitride which 
tend to concentrate in the cast 
ingot grain boundaries and pre- 
vent workability entirely in some 
alloys or greatly reduce the yield 
in others. For example, Waspaloy 
has about 4.5% total content of 
aluminum and titanium. This alloy 
can be hot worked after either air 
or vacuum melting. On the other 
hand, Udimet 500, an alloy devel- 
oped for vacuum melting and hav- 
ing 6% total content of aluminum 
and titanium, can be hot worked 
if it is vacuum melted but cannot 
be hot worked if attempts are 
made to produce it by air melting. 
Among other alloys for which this 
is true are thermenol and alfenol. 





Producers of Vacuum 
Melted Materials 


Allegheny Ludlum Steel Corp. 
Bethlehem Steel Corp.* 
Cannon-Muskegon, Inc. 
Carpenter Steel Co. 
Crucible Steel Co. of America 
Wilbur B. Driver Co. 
Driver-Harris Co. 
Firth-Sterling, Inc. 
General Electric Co., Metallurg- 
ical Products Div. 
Haynes Stellite Co. 
International Nickel Co. 
Metals Div., Kelsey-Hayes Co. 
Latrobe Steel Co. 
Mallory-Sharon Metals Corp. 
Midvale-Heppenstall Co. 
Timken Roller Bearing Co. 
Universal-Cyclops Steel Corp. 
United States Steel Corp." 
Vanadium-Alloys Steel Co. 
Westinghouse Electric Corp. 


* Vacuum degassing. 
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Armature binding bands of glass reinforced plastics are one example of 
the importance of accurate plastics fatigue data. 


Short-Time Test 
Predicts Fatigue Strength 
of Plastics 


by L. S. Lazar, General Engineering Laboratory, General Electric Co. 


@ The table shows the close cor- 
relation between fatigue limits 
obtained by accelerated fatigue 
tests with those obtained by con- 
ventional long-time Wéohler tests. 
To emphasize the correlation the 
last two columns compare the fa- 
tigue strength deviations with 
deviations normally obtained in a 
conventional ASTM tensile 
strength test. 

The accelerated method used in 


obtaining this data requires a 
graph (such as the sample shown 
here) to be drawn through the 
points by the method of least 
squares and extended to inter- 
cept the y-ordinate at a _ point 
which the theory assumes to be the 
endurance limit. 
Background 

The need for an accelerated fa- 
tigue test for plastics was two- 
fold: 1) fatigue data became more 


FATIGUE ENDURANCE LIMITS OF HIGH STRENGTH PLASTICS 





Reinforcement or 
Filler 


Plastic 
Stress, psi 


Mean Tensile 


Endurance Limit, psi* 

End. Limit ASTM Ten 
Devia- | Str Devia 
tion, % tion, % 


Conven- 
tional 


Accel- 
erated 





Epoxy' 181 Glass Cloth 15,000 
Glass Cloth 5400 
Glass Cloth 4900 


Glass Cloth 0 


Silicone 


181 Glass Cloth 12,200 
Wood Flour 2036 


Phenolic' 


Polyester Glass Mat 3700 


6670 7000 47 6.0 
1140 1100 3.7 74 
1215: 1000: 16.0 
4720 4000 74 


3341 3500 
1855 1700 9.7 


2520 2500 0.8 13.4 








aTested at 75 F unless otherwise indicated 
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bHigh heat resistant Tested at 356 F 
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necessary with the _ increased 
availability of high strength plas- 
tics, and 2) the classical Wéhler 
method is too time-consuming. 

The Wohler method requires 
the application of various alter- 
nating, but constant-value, stresses 
until failure occurs or until an 
arbitrarily chosen number of cy- 
cles is reached. In addition to the 
costly and time-consuming nature 
of the tests, the method is con- 
fusing because the data are highly 
scattered and require the treat- 
ment of failures and nonfailures 
at the same stress levels. 

The progressive stress method 
of accelerated fatigue testing of 
metals was developed by E. M. 
Prot in 1948. Stated simply, it 
requires progressively increasing 
the alternating stress. Various 
linear rates of increase are used, 
and the failure stress points are 
plotted against the square root 
(the 0.5 power) of the rate of 
increase. 

Recent studies involving metals 
have led independent investiga- 
tors to try various modifications of 
both test procedure and analysis 
technique. These studies included 
attempts to determine the effect 
of varying the initial stress ap- 
plied, varying the rate of stress 
increase, and using predetermined 
exponents ranging from 0.31 to 
0.71. At the present time the 
method appears more feasible for 
metals than nonferrous. 
However, no generally accepted 
conclusion has been reached. A 
recent paper by N. Enomoto, pre- 
sented at the June meeting of 
the American Society for Testing 
Materials, proposed stepwise load- 
ing using only one loading rate. 

In 1954 General Electric began 
investigating application of the 
Prot method to plastics. The 
method appeared promising when 
applied to comparatively simple 
plastics systems suchas polymethy] 
methacrylate, polystyrene and ny- 
lon under a variety of fatigue con- 
ditions, as well as to glass cloth- 
reinforced laminates under axial 
fatigue. Analogous were 
also reported by J. M. Zarek. 

All of GE’s work on plastics fa- 
tigue testing was based on a new 


ferrous 


results 








mathematical derivation (see 
box), the development of which 
made the basis of the theory more 
acceptable. This mathematical 
derivation illustrates that the 
success of the method as presently 
applied depends upon the progres- 
sive stress failure-time data con- 
forming to a rectangular hyper- 
bola. 

More recently this technique 
has been re-analyzed by H. S. 
Endicott and W. T. Starr to over- 
come the limiting assumption of 
the rectangular hyperbola (the re- 
derivation will be published by 
GE). Asa result, it has been found 
that success of using progressively 
increasing to predict fa- 
tigue, creep-rupture and long- 
term dielectric strength depends 
only upon the failure point curves 
obeying some single, mathemati- 


stress 


cally describable curve. 
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Typical plot of results obtained in an accelerated test for tensile fatigue. 
The material is an epoxy glass-cloth laminate; the plot indicates an endur- 
ance limit of 6670 psi. The results of similar plots for other materials and 


conditions are given in Table 1. 





The method involves applying 
a stress, S., which is below the 
endurance limit stress, S., and 
increasing the applied stress at 
a constant rate, a, until failure 
occurs at stress S and time t. 
It is assumed that fatigue takes 
place only when the _ stress 
equals or exceeds S.. 


If S. were known, then pro- 
gressive loading could be started 
at stress S. and zero time. Mak- 
ing a second basic assumption— 
that the curve joining the fail- 
ure stress-time points is a rec- 
tangular hyperbola, we get the 
following equations: 

S—S.=at; (S—S.)t=K 
But S. is unknown and loading 
is begun at a lower stress, S.. 
The hyperbolic curve is obtained 
by translating the intercept ts. 
to zero time, represented thus: 


S—S.—a (t—ts.); (S—S.) 
(t—ts.—K 
Eliminating t—ts- 
equations yields: 

(S—S.)*?= Ka. 
The same equation, written in 
the form: S=S. + (Ka)*", 
demonstrates that a plot of 
failure stress vs the square root 
of rate of load increase should 


from the 





The Progressive Stress Method 
—How It Is Derived 


yield a straight line which can 
be extended to intersect the 
stress ordinate (a=0) at the 
endurance limit, S.. 

Rate of loading 

In applying the theory, strict 
attention must be paid to the 
loading rates used. Fast rates 
of loading result in lower failure 
stresses and, if only these data 
were available, the determined 
endurance limit would be too 
high. 

This contradiction is logical 
because the assumption has been 
made that a straight-line plot 
is obtained only when the co- 
ordinates of failure stress and 
failure time describe a hyper- 
bola asymptotic to the endur- 
ance limit. The assumed hyper- 
bola could not be asymptotic to 
the y-ordinate because materials 
do not possess infinite strengths 
at the fast rates of increase. 
At these rates, failure occurs in 
the y-ordinate region of the as- 
sumed hyperbola, and the ex- 
perimentally determined failure 
stress here is lower than that 
associated with the theoretical 
hyperbola. 

In the 
slower rates of 
stress were purposely used to 
avoid the region of doubt. 


work reported here, 
increase of 
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What Are Bituminous 
Coatings? 


Bitumens can generally be de- 
scribed as inert materials with 
thermoplastic properties. The 
bitumens used to produce bitu- 
minous coatings are derived 
from three sources: 1) asphalt 
produced by the distillation of 
petroleum, 2) naturally occur- 
ring or mined asphalts, and 3) 
coal tar produced by destruc- 


» 
“ale eee \ Nee * ’ tf tively distilling coal. 
géL e: ‘Se : : / “ak os" 4 It is customary to classify 
, me . - — en bituminous coatings by their 
Paper mill storage tanks containing hot liquors are protected with coating end-use function as well as by 
containing low density filler compound. their generic composition. All 
of the coatings can be divided 
into two classes depending on 
whether or not they are heated 
prior to application: 
Hot-applied coatings usually 
consist of 100% bitumens and 
selected fillers. Hot coatings are 
brought to the desired applica- 
tion viscosity by heating, with- 
out the need for solvents, and 
are widely used on pipes. 
Cold-applied coatings are formu- 
lated with solvents or water to 
achieve proper application vis- 
cosity. A wide range of solvents 
is used; the final choice depends 
on the drying properties desired 
and the solvent power required 
to dissolve the particular bitu- 
men being used. Various fillers 
are also used in cold-applied 
coatings to obtain specific appli- 
Chemical plant equipment protected with a medium-density-filled coating cation and end-use properties. 
include spheres, pipe and supporting structures. 











© Long service life 
© Resistance to weathering, corrosion and abrasion 
© Good thermal and sound insulating properties 


are some of the reasons for using 


Bituminous Coatings 


by Stephen H. Alexander and Ray D. Cunningham, 
Lion Oil Co., Div. of Monsanto Chemical Co. 
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These coatings can meet many end-use requirements 


Bituminous coatings can be 
formulated from several combina- 
tions of coating blends and fillers 
to meet a wide range of operating 
requirements. The coatings that 
can be produced range from thin- 
film coatings used to protect ma- 
chined parts in storage, on up to 
thick, tough coatings to protect 
buried pipe lines. 

The following questions and 
answers indicate the end-use re- 
quirements that should be con- 
sidered and how well bituminous 
coatings satisfy them. Although 
the discussion generally applies to 
all bituminous coatings, keep in 
mind that there may be individual 
differences between coating types. 


are dis- 
section on 


Individual differences 
cussed in the later 
types of coatings and in the sum- 
mary table. 
1. What temperature extremes 
will the coating be subjected to? 
Most bituminous coatings are 
used over a moderate temperature 
range no greater than that caused 
by weather changes. However, 
other coatings such as those used 
on chemical processing vessels re- 
quire a much wider temperature 
range. In general, bituminous 
coatings provide good perform- 
ance over a temperature range of 
100 to 325 F. 


2. Are thermal and electrical in- 


sulating properties desirable? 

Bitumens themselves are rela- 
tively poor thermal insulators. 
However, by using low density 
fillers, coatings with good insula- 
tion properties can be formulated. 
These coatings perform the double 
function of providing both cor- 
rosion protection and thermal in- 
sulation. The low density insulat- 
ing fillers are completely sur- 
rounded by the bitumen and are 
thereby permanently protected 
from moisture. Thus, they are 
not subject to the loss in efficiency 
experienced by conventional insu- 
lations which can be damaged by 
the failure of their protective 
vapor barriers. 


TABLE 1—PROPERTIES OF COLD-APPLIED COATINGS 





Asphalt-Base 


Coal Tar-Base 


| Industrial | 
Mastic | Epoxy- 
| (fibrous | Modified 
fillers) 


industrial 
Mastic 
(fibrous 
fillers) 


Railroad | Automotive 
Car Under- 
Cement coating 


Mineral- 
Filled 


Thin 
Film 


Insulating 
Coating 


Sound- 
Deadener 


Thin 
Film 








PHYSICAL PROPERTIES 


Flash Point (Pensky-Martens), F ; 105 105 105 105 80 105 100 100 100 
Ther Cond, Btu/hr/sq ft/°F/in. - 1.7 0.6 . 
Service Temp Range, F... ..1—60 to 250’ —60to 325 | —60to 325 | —60to 325 | —40to 325 | —40to275| 250 max 
Sound Deadening Ability (at 0.5 Ib/ 
sq ft), db decay 
AtO F Pr 13.6 
At 50 F , 8.2 
At70 F : 5.9 
At 110 F 3.8 


160 max | 250 max 


10.4 
15.0 
12.2 

6.8 





MECHANICAL PROPERTIES 


Abrasion Resistance 


Adhesion at Low Temp Good bs 


CHEMICAL AND CORROSION RESISTANCE 


Dilute Hydrochloric, Sulfuric 
and Phosphoric Acids 
Nitric Acid 
Sodium Hydroxide ; 
Ammonium Nitrate or Sulfate Sol'ns Good Good 
Oils, Greases, Petroleum Solvents Poor Poor 
Outdoor Weathering. .... Exc Exc 
Salt Spray, min hr 360 500 
Water Vapor Permeability (wet cup), 
grains/sq ft/hr/in. Hg/in. 


Good 
Poor 
Good 


Good 
Poor 
Good 


0.0018 


APPLICATION 
Solids Content (by wt), %..... 60 70 64 
Mineral Filler (by wt), %.......... Ni | 22 18 
Fibrous Filler Present?. ... No Yes | Yes 
Application Methods* a BOs B,S,T | BS 
Usual Film Thickness, mils 3 | 63 6.5 








aB = brush, D = dip, S= spray, T = trowel. 
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Bus interior is sprayed with special sound deadening 


coating to lower noise level. 


Stee! mill condenser, pipes and 
valves are given a bituminous coat- 


ing to prevent corrosion. 


naturally good 
This is an 


important consideration when elec- 


Bitumens are 
electrical insulators. 


trical devices are used to give 
complementary cathodic protection 
to the coated structure. 


3. Will weathering properties be 
an important consideration? 


By careful selection of composi- 
tion and processing methods, bi- 
tuminous coatings can be formu- 
lated to resist weather for many 
years. Many coatings have been 
in use for over 10 years and are 
still in good condition. In general, 
asphalt-base bituminous coatings 
weather better than coal tar-base 
coatings. Also, there is a wide 
difference in the performance of 
asphalt coatings derived from 
different petroleum crudes. Thus. 
selection of the best coating for 
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Barge structure is coated with medium-density-filled 


compound for protection against weathering. 


outdoor applications should be 
made by consulting with the coat- 
ing formulator. 


4. What corrosive solids, solu- 
tions and vapors will be en- 
countered? 

In general, the resistance of 
bituminous coatings to corrosive 
media is equal to that of the best 
organic coatings. Bituminous coat- 
ings have good resistance to dilute 
hydrochloric, sulfuric and phos- 
phoric acids as well as to sodium 
hydroxide. They also have good 
resistance to solutions of ammoni- 
um nitrate and ammonium sulfate. 
However, they have poor resist- 
ance to dilute nitric acid, and 
most coatings are not resistant to 
oils, greases and petroleum sol- 


vents. 


5. Will the coating be subject 
to mechanical and/or thermal 
shock? 

Bituminous coatings generally 
have adhesion when _ sub- 
jected to mechanical shock. How- 
mechanical 
coatings 
tested or 
under 


good 
ever, where severe 
shock is expected the 
should first be field 
tested in the laboratory 
simulated service conditions. A 
common laboratory test used to 
evaluate automotive coatings con- 
sists of a slamming device in 
which a coated panel is mounted 
on a hinged, frame and allowed to 
swing freely against a_ stop. 
Properly formulated coatings can 
withstand this type of abuse even 
when the test is conducted at low 
temperatures representing the 
mos‘ severe operating conditions. 
Adhesion after impact can also 
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be determined by using a free 
falling weight on a coated panel. 
In a standard test used on hot- 
applied pipe coatings, a 2-in. dia 
steel ball is dropped from a height 
of 1 ft on the coated specimen 
which is maintained at 32 F. A 
properly formulated coating will 
withstand this test without crack- 
ing or shattering. 

Resistance to thermal shock is 
an important consideration in 
coatings used on some types of 
processing equipment. Laboratory 
tests in which a coated panel is 
transferred back and forth be- 
tween hot and cold chambers can 
be used to predict field behavior. 
Bituminous coatings are available 
which will withstand thermal 
shock over a temperature range 
of —60 to 140 F. 


6. Will abrasive 
encountered? 

A good example of the high 
abrasion resistance of bituminous 
coatings is their use as automo- 
tive undercoatings. These coatings 
successfully withstand the con- 
tinuous abrading action of gravel 
and debris thrown up by the 
wheels of the vehicle. They also 
meet Federal Specification TT-C- 
520 which requires that coatings 
withstand 20 passes under a sand- 
blast nozzle operated at a pressure 
of 90 to 100 psi. Special coatings 
on the inside of vessels are also 
capable of handling corrosive or 
abrasive solids. 

7. Will 
needed? 


materials be 


decorative colors’ be 


It is not practical to produce 
colors in bituminous coatings by 








oe 


Pipe coatings have high resistance to corrosion and mechanical damage. 
Coatings are applied by special machine which travels along pipe. 


pigmentation. However, if color 
is important certain colored paints 
can be used as topcoats. Granules 
can also be blown into the coating 
before it is completely cured to 
produce a wide range of decora- 
tive effects. 


8. How important is cost? 
So many factors affect the as- 
applied cost of bituminous coat- 


ings that it is difficult to give any 
specific cost figures. Depending 
on the application, a bituminous 
coating can either be cheaper or 
more expensive than a competitive 
coating (such as a vinyl). In addi- 
tion to the basic cost of the coat- 
ing material, the engineer has to 
take into account such variables 
as: volume of material to be used, 


Six basic types of coatings are available 


Thin-film coatings 

For classification purposes, thin- 
film coatings are defined arbitrar- 
ily for the most part as solvent 
cutback coatings with a thickness 
of less than 6 mils. They are com- 
paratively low in cost and can be 
used to give good corrosion pro- 
tection where color is not too im- 
portant. Except for aluminum 
paints using bituminous bases, the 
coatings have a natural black 
color. 

Thin-film asphalt coatings are 
widely used to protect machined 
parts in storage. Such coatings 
can be easily removed with kero- 
sene or similar solvents when the 
part is ready for use. Coatings 
based on coal tar cannot be used 
for temporary protective applica- 
tions because they are difficult to 
remove with solvents. However, 
this resistance makes coal tar- 
base coatings useful for protect- 
ing the bottoms of crude oil tanks 
and other products requiring re- 
sistance to solvent petroleum frac- 
tions. 

Industrial mastic coatings 
The rugged properties of heavy- 


bodied industrial bituminous coat- 
tings are obtained by incorpo- 
rating mineral fillers. Various 
fillers can be used to produce coat- 
ings as thick as 250 mils that will 
not slump or flow on vertical sur- 
However, normal thick- 
nesses for industrial coatings 
range from 6 to 120 mils. 

As shown in the tables, indus- 
trial bituminous coatings can be 
based on either coal tar or asphalt. 
Choice of the coating and thick- 
ness to use depends on the environ- 
ment and the practical application 
methods available. The extreme 
toughness of coal tar coatings 
modified with epoxy resins can be 
especially valuable in special ap- 
plications. On the other hand, the 
better weatherability, plasticity 
and cold flow properties of asphalt- 
base coatings compared to coal 
tar-base coatings should be con- 
sidered, especially where sunlight 
exposure is involved. 

Industrial mastic coatings are 
used extensively to protect tanks 
and structural steel. In such ap- 
plications they provide good pro- 
tection from such corrosive media 


faces. 


Tank car is coated with medium- 
density-filled coating to resist corro- 
sion by liquid chemicals. 


geographical freight rates, degree 
of surface preparation required, 
equipment available, 
labor costs and many factors. 
Thus for a given application and 
set of properties, the cost of bi- 


application 


tuminous coatings in comparison 
with other coating systems can 
only be determined by consulting 
with coating formulators. 


as acids, alkalis, salt solutions, 
ammonia, sulfur dioxide and hy- 
drogen sulfide gases. 

Industrial mastic coatings are 
widely used in railroad applica- 
tions, They are useful on tank 
cars carrying corrosive liquids, 
particularly in protecting saddle 
areas where spillage is likely to 
occur. They are also useful in 
protecting the interior and ex- 
terior of hopper cars against the 
corrosive action and abrasive wear 
of dry chemicals. 

So-called railroad car cements 
can be used to seal sills and joints 
in boxcars. They provide an ex- 
cellent roofing system for car 
roofs when covered with a gran- 
ule-bearing bituminous topcoat. 
Automotive underbody coatings 

These are mastic-type coatings 
containing fibrous and other fillers. 
They are principally designed to 
prevent corrosion, reduce noise 
and seal joints on the undersides 
of floor panels, fenders, gasoline 
tanks and frames. They are par- 
ticularly effective in reducing cor- 
rosion in fenders which are con- 
tinually subject to corrosive road 
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debris and de-icing salts. The 
sound deadening properties of the 
coatings appreciably reduce noise 
levels inside the automobile and 
provide a more pleasant and less 
fatiguing ride. The sealing and 
bridging action of the coatings is 
especially effective in reducing 
drafts and dust infiltration. 
Sound-deadening coatings 

High efficiency sound-deadening 
coatings are formulated from 
selected resinous bitumens and 
high density fillers. They have 
better sound insulating properties 
than automotive underbody coat- 
ings and are widely used on the 
wall, roof and door panels of auto- 
mobiles and buses where sound- 
deadening properties, rather than 
resistance to abrasion and corro- 
sion, are needed. The coatings are 
also popular for railroad passen- 
ger cars, house trailers, stamped 
bath tubs, kitchen sinks, air con- 
ditioning cabinets and ventilating 
ducts. 
Thermal insulation coatings 

Low density fillers can be used 
in bituminous mastics to produce 


and resiliency the coatings have 
excellent resistance to mechanical 
damage. 
Pipe coatings 

In general, the industrial coat- 
ings described above can provide 
excellent protection on pipe locat- 
ed above ground. However, for 
underground pipe—both unpro- 
tected and cathodically protected 
—specially formulated asphalt and 
coal tar-base coatings are re- 
quired. These coatings (see Table 
2) are usually applied hot, and 
the pipe is installed underground 
immediately after the coating has 
cooled. The effectiveness of the 
coatings can be increased by 
wrapping them with rag, asbestos 
or glass felt. Embedded wraps 
can also be produced by tighten- 


ing a glass fabric wrap around 
the coating while it is still hot. 

Pipe coatings are especially 
tough and can withstand the 
stresses caused by soil shifts. They 
also have good cold flow proper- 
ties and resist the high localized 
pressures (up to 100 psi) caused 
by rocks, dirt clods and other 
sharp objects. 

Because of their comparatively 
high electrical resistance, bitumi- 
nous pipe coatings can reduce the 
cost of cathodic protection. Cath- 
odic protection is accomplished by 
maintaining a negative electrical 
potential on the pipe. The cost of 
maintaining this potential is de- 
termined by the current drain, 
which in turn depends on the elec- 
trical resistance of the coating. 


TABLE 2 PROPERTIES OF POPULAR HOT-APPLIED PIPE COATINGS 





Asphalt-Base 


Culvert 
Pipe Coating | Pipe Coating | 


Coal Tar-Base 


Buried Buried 
Pipe Coating, | Pipe Coating, 
Narrow Wide 
Range> |  Range° 


Buried 





coatings with relatively good in- 
sulating properties, a K value of 
0.6 Btu/hr/sq ft/°F/in. being 
typical. When used on vessels 
these coatings perform the dual 
function of reducing heat trans- 


None 19 22 23 


Mineral Filler Content (by wt), % 
575 600 465 


Flash Point 

Penetration (ASTM D5-52), mils 
At 32F 130 20 
At 77F 189 32 4 
At 115 F 303 59 16 

Softening Point (ASTM D36), F 200 240 195 


fer and preventing corrosion. They 
are usually applied in thicknesses 
(about 250 to 375 mils) somewhat 
greater than conventional mastics 
to obtain the desired insulating 
value. Because of their thickness 


Max Temp Without Sagging, F* 
Min Temp Without Cracking, F* 
Resistivity, ohm-cm 

Film Thickness per Coat, mils 
Coverage, sq ft/ton/mil 





374,000 


160 120 
—20 30 
1.8 x 106 5.5 x 10! 
95 95 
321,000 268,000 





aAsphalt Inst. procedure. 


How bituminous coatings are applied 


Bituminous coatings can be ap- 
plied without heating by dipping, 
brushing, spraying or troweling. 

Dipping is usually used to coat 
small parts. As a rule, coating 
viscosity is adjusted to produce a 
thickness of 1 to 6 mils. 

Brushing is used on areas that 
cannot be reached by spraying 
and on jobs that do not warrant 
setting up spray equipment. Coat- 
ing thicknesses can range from 1 
to 65 mils. 

Spraying is the most popular 
method for applying cold coatings. 
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The thickness required in one ap- 
plication determines the consis- 
tency of the formulation, and 
thicknesses of 1 to 250 mils are 
obtainable by spraying. Conven- 
tional paint spray equipment can 
be used for coatings up to 6 mils 
thick. Heavier coatings require 
the use of mastic spray guns fed 
from pressure pots or heavy duty 
pumps. Heated vessels and feed 
lines can also be used to decrease 
viscosity and permit faster appli- 
cation and the buildup of thicker 
films in one application. 
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b30 to 120 F. 


e—20 to 160 F. 


Troweling is usually used in 
inaccessible areas and/or where it 
is necessary to produce a very 
heavy coating in one application. 
Trowel coats are usually applied 
in thicknesses above 250 mils. 

Bituminous coatings can also be 
applied hot without the need for 
any solvent diluents. Such coat- 
ings are widely used on piping in 
thicknesses of about 95 mils. The 
formulation is heated to 350 to 
550 F and then pumped into a 
special apparatus which surrounds 
and travels along the pipe. 





Initial screening of elastomers for parts such as this planishing roll can be done with standard test results. How- 


ever, you must understand the terms and what they tell you about the elastomer 


How to Interpret 
Mechanical Properties 


of Elastomers 


@ Elastomers (including both rubber and rubber-like materials) 
behave differently from other engineering materials. As a result. 
terms such as hardness, tensile strength and modulus, used to de- 
fine mechanical properties of other engineering materials, have 
different meanings when applied to elastomers. 

The purpose of this article is 1) to familiarize the engineer with 
these terms as they apply to elastomers, and 2) show how stand- 
ard test results for these properties should be interpreted. The 
discussions also indicate how useful each property is in design. 
Since some knowledge of the test is helpful in understanding the 
limitations of property data, the table on p 108 gives a brief 
summary of some of the standard tests used. 


face to indentation by an indentor 
of specified dimensions under a 
specified load. Numerical hardness 
values represent either depth of 
penetration, or convenient arbi- 
trary units derived from depth of 
penetration. 


Hardness 

Hardness is one of the most 
widely used methods for classify- 
ing elastomers. It is a measure 
of relative resistance of the sur- 


Adapted from The Language of Rubber, 
E. I. du Pont de Nemours & Co., Inc., "57. 


Two major considerations must 
be kept in mind to properly inter- 
pret hardness values: 

1. Hardness is an approximate 
measure, never a precise one. 
Rarely should hardness values be 
specified closer than +5 durometer 
points. It is common to find 5, 
and in many cases even 10, points 
difference in readings made by 
various people using different 
durometers on the same piece of 
rubber. Even when the ASTM 
Hardness Tester is used as a ref- 
eree method to settle disputes, 
accepted tolerances range from 
+7 points for hard compounds to 
+20 points for soft ones. 

2. Surface indentation rarely 
bears any relation to the ability 
of an elastomeric product to func- 
tion properly. In rare cases sur- 
face indentation has some direct 
significance, e.g., in gaskets to be 
used between two rough flanges 
(indentation by the point of the 
test instrument is somewhat simi- 
lar to the indentation made by 
protrusions on the sealing sur- 
faces.) 

The most common—and danger- 
ous—misconception of hardness is 
that it is an accurate measure 
of stiffness, i.e., load-carrying 
capacity. Hardness measurements 
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Both static and dynamic mod- 
uli of elasticity and resilience 
can be determined from oscillo- 
grams such as the one above. 
The vertical, near-parallel lines 
A and C are caused by condi- 
tioning of specimen. 

Static 
is determined 
load-deflection curves 


modulus of elasticity 
from the static 
(B). The 
upper loading 
curve, and is developed by draw- 
ing a smooth curve through 
steps produced by applying in- 
creasing increments of load to 
the specimen. For these curves, 
the vertical represents 
strain (each square 
ing a strain increment of 2%); 
the horizontal represents 
stress (each square a stress in- 
crement of 20 psi). The chrono- 
graph drum is rotated by hand 
one square to the left after each 
weight is added. 

The lower curve is developed 
by drawing a smooth curve 
through steps produced by un- 
loading the specimen one weight 
at a time and rotating the drum 
to the right. Static elastic mod- 
ulus is determined by 1) draw- 
ing a tangent to the point on 
the curve corresponding to 
stress or strain contemplated 


curve is the 


axis 
represent- 


axis 





How to Use the Oscillogram 


Typical oscillogram from ASTM D945 oscillograph. 


for the part in service, and 2) 
determining the slope of the 
tangent by counting squares. 
Dynamic modulus of elasticity 
is calculated from the damp- 
ened sinusoidal curve (D). Spe- 
loaded sufficiently to 
cause a 20% deflection. The 
chronograph drum is_ motor- 
driven at a surface speed of 1 in. 
(10 small squares) per sec. The 
specimen is forced to a zero-load 


cimen is 


position and released. The speci- 
men acts as a compression 
spring under conditions of free 
vibration, producing magnified 
oscillations recorded on _ the 
drum. Frequency of vibration, 
in cps, is found by measuring 
(in inches along the axis E) 
the horizontal distance tra- 
versed by some convenient num- 
ber of cycles. Effective dynamic 
modulus, K-. in psi, can be cal- 
culated: K., = 210 If?, where J 
is the moment of inertia of 
the sample-loading apparatus 
(beam and weights), and f is 
frequency of vibration: 

Resilience can be determined 
from the same oscillograph. The 
dampened sinusoidal curve (D) 
is used to determine resilience 
(in %) which is defined as 
D:/D; x 100. 








derive from gross deformations of 
mations; stiffness measurements 
the entire mass. Consequently 
hardness is not a reliable measure 
derive from small surface defor- 
of stiffness. 
Tensile strength, elongation 
The terms “tensile strength” 
and “elongation” when applied to 
elastomers mean much the same 
as they do when applied to other 
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engineering materials. Tensile 
more commonly called 
“modulus” (not to be confused 
with modulus of elasticity), is the 
stress in pounds per square inch 
of original cross section required 
to produce a certain elongation 
(term is used only when strains 
are much greater than 15%; see 
section on modulus of elasticity). 
For example, if a tensile stress 


stress, 
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of 1000 psi produces an elongation 
of 650%, the compound is said to 
have a 650% modulus of 1060 psi. 

Tensile strength and elongation 
values for elastomers have little 
design significance, i.e., they bear 
little relation to an elastomer’s 
ability to perform its function. 
Rubber products are seldom loaded 
in tension, and never to a degree 
even approaching their ultimate 
strength or elongation. Rubber 
products such as belts, hose, o- 
rings and mountings are rarely 
if ever stressed above about 100 
psi, even though their ultimate 
tensile strength may be 1500 or 
3000 psi. 

Often tensile strength and elon- 
gation are used as an index to 
general quality of an elastomer. 
Such misuse can often increase 
the cost of your part unnecessar- 
ily. At the extremes of the tensile 
strength range, values may be 
somewhat indicative of overall 
quality, i.e., tensile strengths be- 
low 1000 psi usually indicate that 
most other mechanical properties 
are rather poor; tensile strengths 
of over 3000 psi usually indicate 
that most mechanical properties 
are good. But in the most common 
range of 1500 to 3000 psi, corre- 
lation is at best haphazard be- 
tween tensile strength and such 
properties as resilience, abrasion 
resistance, compression set and 
flex life. 

Tensile strength and elongation 
values are primarily used for 
compound development, manufac- 
turing control and for determin- 
ing an elastomer’s resistance to 
deterioration by such media as oil, 
heat, chemicals or weathering. 
Permanent set 

Permanent set is the amount of 
residual displacement in an elasto- 
meric part after a distorting load 
(tensile, compressive or shear) 
has been removed. Compression 
set, determined after compressive 
loading, is probably the most com- 
monly reported type of permanent 
set value. 

Permanent set values are useful 
during initial evaluation in elim- 
inating compounds that may fall 
in the distinctly high permanent 
set range. In the lower range, dif- 





ferences in values cannot be used 
to predict serviceability of a part. 
Although temperature and dis- 
tortion conditions used in the test 
may be similar to expected service 
conditions, the short testing time 
does not approach the longer serv- 
ice life expected of the part. 

Unfortunately, permanent set 
characteristics are often errone- 
ously taken as being related to 
other physical properties. For ex- 
ample, it is often thought that low 
compression set is always accom- 
panied by high resilience and low 
creep. Though correlations of this 
type may be evident when consid- 
ering extreme set values, there 
are so many exceptions that ac- 
ceptance of the general statement 
does more harm than good. 

Stress relation, creep 

Stress relaxation is the loss in 
stress when an elastomer is held 
at a constant strain over a period 
of time. Creep, or strain relaxa- 
tion, is the gradual increase in 
deformation with time of an elas- 
tomer under constant load. 

In many cases where compres- 
sion set values are used to evalu- 
ate a compound, stress relaxation 
is actually the more significant 
property, e.g., the ability of a gas- 
ket to maintain a seal. Conse- 
quently, a variety of stress relaxa- 


tion tests are now being studied 
by ASTM. 

Creep data would be a valuable 
design tool, particularly in design- 
ing such parts as engine mount- 
ings, since creep influences the 
space relationships between vari- 
ous equipment parts. Yet, creep 
is difficult to predict without re- 
sorting to simulated service tests. 
Creep is affected by several fac- 
tors, including strain, tempera- 
ture, and changes in strain and 
temperature produced by vibra- 
tion. 

Although relative effects of var- 
iables on creep have not been 
fully determined as yet, long-term 
studies have established some gen- 
eral correlations: 1) the higher 
the initial strain, the higher the 
creep, 2) the higher the tempera- 
ture, the higher the creep, 3) 
creep is greater under tensile 
strain than under equal shear 
strain, 4) creep is greater under 
shear strain than under equal 
compressive strain, and 5) creep 
is greater under dynamic loading 
than under static loading. 
Modulus of elasticity 

Modulus of elasticity, in an 
elastomer as in steel, is the ratio 
of stress to strain. But in elasto- 
mers measurements are made in 
compression (or shear), rather 


Simulated service tests must be carried out before final selection of a rub- 
ber for critical applications such as this 850-fpm gravel conveyor belt. 


iii 


than tension, and are only valid 
for strains up to about 15%. 
(Modulus of elasticity should not 
be confused with the loose term 
“modulus” which is used in the 
rubber industry to describe tensile 
stress; see previous section on 
tensile strength and elongation.) 
Within this low strain region, an 
elastomer’s stress-strain curve 
is almost straight. Design calcu- 
lations which assume stress pro- 
portional to strain may be made 
with tolerable error. Thus mod- 
ulus of elasticity values for elas- 
tomers, unlike values for most 
other mechanical properties, can 
be used directly for design. 

Because elastomers have the 
peculiar property of becoming 
stiffer when vibrated, they have 
two elastic moduli, static and dy- 
namic. In highly resilient com- 
pounds dynamic modulus is only 
slightly greater than static; in 
compounds of low resilience (high 
hysteresis) dynamic modulus may 
be as much as twice the static 
value. 

The direct utility of modulus of 
elasticity values stems from four 
features of the tests, which dis- 
tinguish them sharply from other 
standard tests for elastomers: 1) 
measurements are made in com- 
pression or shear, which is the 
way an elastomer is almost invari- 
ably stressed in service, 2) meas- 
urements are made in the low 
strain range, where elastomers 
are usually used in service, 3) data 
are given in common engineering 
units, rather than arbitrary units, 
and 4) specimens are conditioned 
by flexing, which makes measure- 
ments both more reproducible and 
more indicative of the way elasto- 
mers perform in service. 

Shape factor—Compression-de- 
flection (stress-strain) character- 
istics of a rubber part are criti- 
sally affected by the shape of the 
part. (Shape has only a minor 
effect when the part is loaded in 
shear or tension.) Shape is criti- 
cal because when compressed a 


rubber part does not lose volume; 


it changes shape by bulging along 
the sides. Thus, the amount of 
deformation produced by a com- 


pressive stress depends on the 
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area of the part free to bulge. 
Increasing this area makes bulg- 
ing easier and permits greater 
vertical displacement under a 
given stress. 

The relationship between shape 
and compression-deflection charac- 
teristics is too complex to be cov- 
ered in detail here. However, it 
can be briefly summarized. 

For parts having parallel load- 
ing. faces and sides normal to the 
loading faces, the influence of 
shape can be expressed numeri- 
cally as the “shape factor.” This 
is defined as the ratio of the area 
of one loaded surface to the area 
of all the unloaded surfaces free 
to bulge. Parts having the same 
shape factor and hardness, regard- 
less of their actual size and shape, 
require about the same compres- 
sive stress to produce a given com- 
pressive strain. Unfortunately 
there is no consistent relationship 
between shape factor and com- 
pressive modulus. 

As a result of extensive study 
of the effect of shape on compres- 
sion-deflection properties, E. G. 
Kimmich of Goodyear Tire & Rub- 
ber Co. has produced a series of 


empirical curves relating the four 


variables of stress, strain, hard- 
ness and shape factor. These 
curves have been published by the 
ASTM (Kimmich) and can be 
used to determine quantitatively 
for a given part how shape fac- 
tor affects compression-deflection 
characteristics. 


Resilience, heat build-up 

Resilience of rubber is the ratio 
(usually expressed in %) of 1) 
energy given up on recovery from 
deformation to 2) the energy re- 
quired to produce the deforma- 
tion. Hysteresis is the per cent 
energy loss per cycle of deforma- 
tion, or 100% minus the resilience 
percentage. Hysteresis is the re- 
sult of internal friction and is 
manifested by the conversion of 
mechanical energy into heat which 
produces a temperature rise known 
as heat build-up. 

There are four types of tests 
for determining resilience. Each 
has limitations, primarily based 
on lack of correlation between test 
and service conditions. Limitations 
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STANDARD TESTS 





Mechanical Standard 
Property Test 


Description* 





Hardness Durometers> 


ASTM D314, 
table-top 
instruments° 


Tensile Strength, | ASTM D412 


Elongation 


Permanent Set 
in Tension 


ASTM D412 


Compression Set | ASTM D395, 


Method A 


ASTM D395, 
Method B 


No standard 


Stress 
Relaxation 


Modulus of 
Elasticity 


ASTM D575 


ASTM D797 


ASTM D945 





Indentor point projecting from flat bottom of case, spring-held in 
zero position; when pressed against sample, indentor pushed back 
into case against spring which translates indentation res to pointer 
on dial. Values given in points 

Note: Calibrated arbitrarily from 0 (soft) to 100 (hard). Allow 
tolerance of at least +5 pt 


Operated similar to durometers, but indentors loaded under dead 
weight and dial readings are direct measurement of penetration. 
Values given in points 

Note: More reproducible than durometer values; each machine 
produces diff numerical values; the harder the sample, the lower 
the value 


Dumbbell-shaped specimens, die-cut from flat sheet, bench-marked 
for elong measurement; test machine operated at 20 ipm; elong 
measurements taken during tensile test 

Note: “Modulus” is tensile stress measured at some particular 
elong 


Std ten str specimen stretched to specified elong (usually 75% of 
ultimate), held for 10 min, then permitted to recover for 10 min. 
Permanent set given as incr in length between bench marks (in % 


of orig dist between them) 


Constant load: Std specimen compr between parallel steel plates 
under stress of 400 psi; test assembly then conditioned for selected 
time and temp (e.g., 22 hr at 158 F); specimens removed and 
allowed to recover at rm temp for 30 min. Diff between orig thk of 
specimen and thk after test is given as % of orig thk 

Note: Compr set used more commonly than permanent set in 
tension 


Constant deflection: Specimen compr to specified % of orig thk, 
dependent on hardness of sample; assembly conditioned for 
selected time and temp and allowed to recover for 30 min. Diff 
between orig thk and thk after test given as % of the defl used 


Many labs have dev relaxation cells, using specimens and pro- 
cedures parallel to D395, Method B, except that stress, rather than 
strain, is measured before and after conditioning period 


Method A measures load required to cause spec defl; Method B 
measures defl caused by spec load; reported in engrng units 

Note: In elastomers stress is prop. to strain only in low strain 
region (up to 15 or 20% 


Determines load-defl char. in flex, using simple beam test. Results 
reported as Young’s Modulus in psi 


Mech oscillograph dev static stress-strain curve and effective 
dynamic mod of elasticity; operates in low strain range; may be 
used in either compr or shear; operation descr more closely in box, 


p 106 
Note: Provides complete moduli curves for design 





are mentioned 

p 108. 
Several 

interpretation 


factors 


be mentioned: 


1. Resilience is intimately re- 
lated in a complex way to stiff- 
creep 
other properties. Thus, resilience 


ness, permanent set, 
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in the table on 


involving the 
of resilience 
and heat build-up values should 


data should never be related to 
service performance without con- 
sidering the other characteristics 
of the composition. 

2. There is an erroneous ten- 
dency to assume that compositions 
having low resilience (high hys- 
are unsatisfactory for 
use. In some cases, 
and resilience have 


and 


teresis ) 
almost any 
hysteresis 


and 
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Mechanical Standard 


Property | Test Description* 





| Low speed | Obtained by loading and unloading specimen in tension, compr or 
| stress-strain | shear, using low strain rate and large def; area under loading curve 
loop prop. to work input; area under unloading curve prop. to energy 
returned by spec on retracting 
Note: Not often used, since uses for rubber parts involve vibra- 
tory stresses of high freq and low ampl 


Resilience 





| ASTM D1054] Free-failing pendulum hammer dropped against spec. Resilience 
(impact is reported as height of rebound, in % of height of drop 
resistance) Note: Not equiv to vibration test, since no cyclic interchange of 
potential and kinetic energy occurs 
ASTM D945 | Uses mech oscillograph (D945) mentioned above; resilience meas- 
| (free urements made at same time as static and dynamic moduli deter- 
vibration) minations 
Note: Popular method because of high speed def; freq may not 
be same as in actual svc 
Method describes three flexometers: Goodrich, Firestone and 
St. Joe; first two vibrate spec at const amplitude; the third at 
const load or const amplitude. Temp rise measured with thermo- 
couple at base of spec 
Note: Selection of method dependent on use; type of vibration 
important, since heat generated per cycle 1) at const amplitude is 
directly prop. to stiffness of sample, 2) at constant load is inversely 
prop. to stiffness 


ASTM D623 
(forced 
vibration) 


| ASTM D394 | Descr both Du Pont Abrader (Method A) and National Bureau of 
Standards Abrader (Method B); both methods hold specimen 
under specified load against an abrasive mounted on a rotating disk 
or drum. Abrasive moves at specified speed either for a definite 
period of time (Method A) or until specified amount of sample is 
worn away (Method B). Results compared with results obtained from 
abrading known sample. Results expr as ratio between volumes of 
material abraded away from specimen and std sample 
Note: Poor correlation between test results and svc perf 


Abrasion 
Resistance 


Three std machines are Scott, De Mattia and Du Pont Flexers. With 
Scott Flexer, rocker arms draw sample back and forth under 
weighted pulleys. De Mattia Flexer bends and straightens specimen, 
or alternately stretches and relaxes it. Du Pont Flexer drives endless 
chain of test strips over and under four sets of pulleys. (ASTM D430 
describes use of Scott machine to test rubber-fabric products for 
ply separation; D813 describes use of De Mattia machine for 
studying crack growth.) 
Note: Not suited for use in mtls spec requirements 


Flex fatigue 


Tear strength ASTM D624 | Desc proc for tensile stressing both 1) a nicked spec for res to tear 
propagation, and 2) unnicked spec for res to tear initiation. Results 
expr in Ib/in. width 


Note: Useful only for lab comparisons; not applicable for svc eval 








aDescription is only intended to give general idea of how test is made; for details see ASTM 
Standards on Rubber Products (American Society for Testing Materials). 

bSold under proprietary names, such as Shore A, Rex and Wallace. 

cIncludes ASTM Hardness Tester, Pusey & Jones Plastometer, Firestone Penetrometer, and the 
Admiralty and the Wallace Hardness Testers. 


little or no bearing upon perform- and amplitude of vibration. If 


ance of an elastomeric part. In 
some vibration damping uses, for 
example, a low resilience may be 
desirable to limit the maximum 
vibrational amplitude developed in 
service. 

3. For vibration damping uses, 
resilience requirements are de- 
termined largely by the frequency 


frequency and amplitude are such 
that the hysteresis in a low resili- 
ence compound would result in 
excessive heat build-up, then a 
compound with higher resilience 
is indicated. 
Other properties 

Other mechanical properties of 
elastomers commonly reported are 


abrasion resistance, flex fatigue 
and tear strength. There is no 
correlation between the standard 
test methods for these properties 
and service performance. In fact, 
ASTM specifically states this fact 
and cautions that test results 
should not be used for materials 
specifications. The significance of 
the test results can only be deter- 
mined by the individual labora- 
tory for its particular problem. In 
evaluating any of these properties 
in a rubber composition for a spe- 
cific application, simulated service 
tests should be made. 

Abrasion resistance is the re- 
sistance of an elastomer to wear- 
ing away | y contact with a moving 
abrasive surface. It is measured 
under specific conditions of load 
and speed. 

A common error is to consider 
abrasion resistance as a single 
entity like modulus of elasticity. 
That is not the case. Abrasion 
resistance is a complex of proper- 
ties, including resilience, stiffness, 
thermal stability, and resistance 
te cutting and tearing. 

Flex resistance is the ability of 
an elastomer to withstand fatigue 
resulting from repeated distortion 
by bending, extension or compres- 
sion. Fatigue may result in sev- 
eral different types of failure. 
Flex cracking—the formation of 
surface cracks as a result of re- 
peated bending or stretching—is 
probably the most common. Re- 
sults of standard flex resistance 
tests are primarily useful in re- 
search and development work, par- 
ticularly when an unknown com- 
pound is being compared with one 
whose performance is known. 

Tear resistance is the force re- 
quired either 1) to propagate a 
nick or cut in a direction normal 
to the direction of applied stress, 
or 2) to initiate tearing in a di- 
rection normal to the direction of 
the stress. Tests are primarily 
useful for laboratory comparisons, 
since tear resistance is greatly af- 
fected by fibering of the elastomer 
under stress, stress distribution, 
speed of stretching, and size of 
specimen. 


Reference 


Kimmich, E. G., “Rubber in Compression,” 
ASTM Bulletin, Oct "40, p 9. 
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These Factors Control 


High 


Temperature 
Corrosion 
of Metals 


You should evaluate them early in the 


design stage when metals are to be 





Atmosphere 


Composition, Velocity, Pressure, 


Oxidizing, reducing or neutral? 





Temperature 


Degree, Duration, 
Amount of cycling 





Corrosion products 


Composition, Structure, Porosity, Thickness, 
Adhesion, Coefficient of expansion 





Surface 


Prestressed areas, Impurities, Local alloy depletion, 
Surface preparation 





Coating 


Composition, Reactivity, Thickness, Porosity, 


Adhesion, Melting point, Coefficient of expansion 





Base metal 


exposed to gases at high temperatures. 


by C. J. Guare, General Engineering Laboratory, 


General Electric Co. 


@ To operate successfully at high 
temperatures engineering mate- 
rials must retain their chemical 
stability and their strength. Ex- 
cept in a vacuum or inert atmos- 
phere, most metals at high tem- 
peratures are invariably subject to 
corrosion by gases at high tem- 
peratures. For the purposes of 
this article the gases considered 
likely causes of corrosion are: 1) 
air, the most common, 2) sulfur- 


Composition, Grain size, Porosity, 


Alloy depletion, Intergranular penetration 





bearing atmospheres, such as are 
encountered in the processing or 
combustion of sulfurous materials, 
and 3) hydrogen atmospheres, 
such as in annealing furnaces. 
Almost all chemical reactions 
between a metal and a gas in- 
crease in rate with increasing 
temperature. Such reactions can 
cause rapid chemical deteriora- 
tion in metals and accompanying 
mechanical failure. Unfortunately, 


1. How corrosion products form 


The chemical reaction that 
takes place between a metal and 
a gas at high temperatures always 
produces corrosion products. If 
the corrosion product is an ad- 
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herent, external layer that grows 
by diffusion it can protect the 
underlying metal and actually de 
crease the rate of corrosion as 
the thickness of the layer in- 


ENGINEERING 


it is difficult for a metal to have 
both good corrosion resistance and 
good strength at high tempera- 
tures. Both of these properties 
are related to chemical composi- 
tion, and changes in composi- 
tion that improve one property 
often detract from the other. The 
factors which control high tem- 
perature corrosion should be con- 
sidered early in the design stage 
to insure best materials selection. 


creases. Such a condition is 
shown in the accompanying 
sketch which shows the shape of 
the oxide layer on a piece of In- 
conel. The amount of corrosion 








Oxide 


Meta/ Zi 
———— 


that occurs as a function of time 
for this piece is shown in the 
accompanying graph. Note that 


— 














Corrosion 








Time 


the shape of the curve is para- 
bolic and that the corrosion rate 
decreases with increasing time. 
Diffusion-controlled corrosion 
can be expressed mathematically 
A simple mathematical equa- 
tion can be used to describe dif- 
fusion-controlled corrosion. This 
equation relates the second 
power of the amount of corro- 
sion to the time during which 


corrosion occurs, i.e., 
X? = k,t 
where X = amount of corrosion, usu- 
ally measured by a 
change in the weight 
or thickness of corrosion 
products 
k,=a constant for a given 
temperature 
t =—the time during which 
corrosion occurs 
Upon differentiation the above 
equation becomes: 
dX/dt = k,/2X 
which shows that, at any time, 
the corrosion rate is inversely 
proportional to the amount of 
corrosion that has occurred up to 
that time. Such an equation 
does not apply to films of zero 
thickness since the corrosion 
rate would then be _ infinitely 
large. As shown in the previous 
graph, plots of experimental data 
on parabolic corrosion do not go 
through the origin. A transition 
is made to parabolic behavior 
only after a short time has 
elapsed and the film has been 
allowed to build up slightly. 
Some types of corrosion films 
show an even greater protective 
capacity than the parabolic type 
described above. Examples of 
such rate equations are: 





The difficulty in selecting cor- 
rosion resistant materials from 
available test data lies in deter- 
mining whether or not the test 
conditions match the expected 
operating conditions. Often some 
important variables are not de- 
scribed or may not even be 
known. Although alloy composi- 
tion and test temperatures are 
usually described, the kind of 
metal surface preparation and 
the amount of thermal cycling 
are often omitted. Also, the 
atmosphere is frequently de- 
scribed by a non-definitive term 
such as “slow-moving air.” In 
addition, the corrosion rates 
themselves are sometimes vague 


and are often described as 
“slow,” “medium” or “high.” 
Despite these _ shortcomings, 





Rating Alloys 


Is Difficult 


semi-quantitative or even quali- 
tative data are helpful in elim- 
inating the inferior alloys and 
indicating the promising alloys 
which merit further test. 

The resistance of a large 
number of metals to a consid- 
erable variety of corrosive 
media are contained in the com- 
prehensive National Assn. of 
Corrosion Engineers Publication 
55-6 entitled “High Temperature 
Corrosion Data.” Similar high 
temperature corrosion data can 
frequently be obtained from ma- 
terials suppliers, the National 
Bureau of Standards, or Office 


of Technical Services reports. 


All of these data are intended 
to serve as an initial selection 
guide and are not meant to sup- 
plant actual use tests. 














by = kst 

X = k,logt + k, 

xX = ks noes ke t 
Such equations can only be used 
under specific operating condi- 
tions, as in the case of the loga- 
rithmic equation which holds only 


for extremely thin films. They 
cannot be generally applied for 
all cases, since an alloy under- 
going oxidation might obey one 
law for a certain time and at cer- 
tain temperature conditions, and 
a different law at other times and 
temperatures. 
What happens when corrosion 
continues unchecked? 

If the corrosion products 
formed in a gas at high tempera- 
ture are porous and not adher- 


ent, they will provide no 
protection and corrosion will 
continue at an _ undiminished 








rate. Such a condition is shown 
in the accompanying sketch 
Oxide 
. ~~ 
i 
Metoa/ 








\ 








which shows the non-protective 
oxide layer formed on columbium 
after exposure to air at 1110 F. 
Note the discontinuities at the 
edges. 

The two metals whose corro- 
sion rates are shown in the ac- 
companying graph will continue 


Lorrosion 


- 





to corrode at a constant rate re- 
gardless of how thick the oxide 
layer is. These two metals are 
said to follow the linear corro- 
sion rate law and are undesir- 
able unless, of course, their 
corrosion rate is very low. 

A corroding agent can attack 
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at local sites and cause pitting, 
or it may attack at grain bound- 
aries where it destroys the integ- 
rity of the metal by separating 
the grains. Pitting implies that 
local areas are especially suscept- 
ible to chemical attack. Such local 
areas can result from impurities, 
from local depletion of components 
of the alloy, or from prestressed 
areas. 

The appearance of 310 stain- 
less steel which is attacked in- 
tergranularly during heating in 
air is shown in the accompany- 
ing sketch. Observe the surface 


Surface 
oxide 


Pet) 


¥ 


“es d " 


ntergronulor 
penetration 


scale as well as the corrosion of 
the grain boundaries. Eventually 
entire grains will be cut out by 
the intergranular attack. This 
effect is even more pronounced 
when the corrosion products are 
voluminous and the metal grains 
are forced apart in addition to 
being undercut. 

The size of grains is an im- 
portant corrosion variable. Or- 


dinarily, small grains have more 
boundary area and are more sus- 
ceptible to attack. However, 
small grains can actually be less 
susceptible to attack, as is the 
case when sulfur reacts with 
nickel above the eutectic temper- 
ature in the nickel-sulfur system. 
A possible explanation for the 
low rate of attack is that the 
small grains offer a maze of in- 
tersecting paths which inhibit 
penetration by the corrodent. In 
contrast, large grains would pro- 
vide relatively long, conductive 
paths which the fluid corrodent 
could easily follow. 
Corrosion can occur internally 
as well as externally 

Internal corrosion formations 
can occur whether or not any 
external corrosion products are 
formed. When 
posed to a gas at high tempera- 
ture, components of the gas can 
dissolve in the alloy. If the alloy 
contains a material which can 
react with the dissolved gas, 
such a reaction will occur when 


an alloy is ex- 


the gas concentration reaches a 
certain limit. The reaction prod 
uct will appear as a_ second 
phase dispersed throughout the 
alloy matrix and may markedly 
change its properties. The metal 
may become hard and brittle; 
however, in some cases its prop- 
erties may even be improved. For 


example, the formation of in- 


2. Alloy composition determines corrosion 


Oxide products can protect 
the base metal 

Surprisingly, the major con- 
stituents of an alloy do not ne- 
cessarily make up the major por- 
tion of corrosion scale, and in 
some cases they do not appear at 
all. Therefore, to some extent it 
is possible to control and im- 
prove the composition of the cor- 
rosion scale by adding to the 
alloy small amounts of an element 
which will later appear in rela- 
tively large amounts in the scale. 
such materials 
steels which 


Examples of 
are the stainless 
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contain up to 25% chromium and 
20% nickel, the nickel-base al- 
loys such as Inconel or Nichrome 
which contain 15 to 20% chro- 
mium, and the chromium-iron 
alloys which can have as much 
chromium along with 
aluminum in some cases. In a 
high-temperature oxidizing at- 
mosphere all of these materials 
tend to form an oxide of the 
Cr,0, or Al,0, type, or something 
more complex like the spinels, of 
which NiCr,0, is a good example. 

Such oxide deposits are desir- 
able because they are adherent 


as 27% 


ENGINEERING 


ternal or subscale cadmium oxide 
in a silver-cadmium alloy (see 
photo) can produce greater me- 
chanical strength than the un- 
oxidized silver matrix would or- 
dinarily provide alone. 

In addition to dissolving in the 
alloy, a gas can react with a 
specific material in an alloy to 
form volatile products. As this 
material is gradually used up at 
the surface, it is replaced by the 
same material which diffuses ur 
from below the surface to sus- 
tain the reaction. Thus, almost 
all of that material can eventu- 
ally be removed from the alloy, 
and the properties of the alloy 
consequently changed. 


Formation of cadmium oxide 
(dark spots) in a silver-cadmium 
alloy improves mechanical strength. 
The silver matrix remains unoxidized. 


products 


and prevent free access of the 
atmosphere to the alloy. The de- 
posits slow down further oxida- 
tion by preventing oxygen from 
diffusing through to the base 
metal, and keeping metal from 
diffusing to the atmosphere. 
Some oxides give 
little protection 

If the rate of oxidation is ex- 
tremely rapid (“catastrophic”) it 
can completely destroy the base 
metal. Even materials with rela- 
tively high oxidation resistance 
can be made to oxidize rapidly, 
simply by adding smal] quantities 





of elements such as vanadium or 
molybdenum. The severe influence 
of small quantities of these and 
a few similar elements is thought 
to be caused by their low melting 
points or by the volatility of their 
oxides. When these oxides evapo- 
rate or become liquid they can- 
not prevent the atmosphere from 
diffusing to the base metal and 
reacting with it. In some cases 
such a reaction can occur even if 
the oxides in the corrosion scale 
do not evaporate or become liquid. 
The formation of oxides of ele- 
ments such as titanium, colum- 
bium, beryllium and zirconium 
has been found to be detrimental 
to the corrosion resistance of 
iron—25 chromium-5% aluminum 


and similar alloys exposed to air 
at 2200 F. 
Minor elements can promote 
grain-boundary attack 

Aside from the role they play 
in scale formation, the minor ele- 
ments of an alloy can also deter- 
mine how susceptible an alloy will 
be to grain-boundary attack by 
corrosive media. An example of 
this kind of behavior can be 
found among the stainless steels 
which contain carbon and which 
largely derive their corrosion re- 
sistance from their chromium con- 
tent. When these steels are held 
in a critical temperature range 
(900 to 1600 F), chromium car- 
bide forms, depleting the grains of 
their chromium content near the 


grain boundaries. Chromium de- 
pletion makes the steel sensitive 
to grain-boundary attack by cor- 
rosive media. Such sensitization 
occurs even though carbon content 
may be 0.1% or less. However, it 
can be prevented by adding tita- 
nium or columbium in respective 
amounts of at least 5 or 10 times 
the carbon content. Thus, tita- 
nium or columbium carbides are 
precipitated rather than chromium 
carbide. Consequently, the chro- 
mium is not depleted near the 
grain boundaries and its protec- 
tive action is not lost. Where this 
kind of remedy is used, the ma- 
terials are said to be stabilized, as 
in the case of types 321 and 347 
stainless steel. 


3. Gas composition and flow determine corrosion products 


Major corrosion products can 
form from minor gases 

Not only alloy composition but 
also the composition of the atmos- 
phere determines what the corro- 
sion products will be. The major 
constituents of the gas need not 
enter into the corrosion reaction 
at all, and small amounts of spe- 
cific impurities can be quite im- 
portant in speeding or slowing 
reaction rates. This theory is sup- 
ported by the fact that most met- 
als, when heated in air, form ox- 
ides rather than nitrides, even 
though the nitrogen content is 
nearly four times that of oxygen. 

It might be expected that if 
oxygen is the corroding agent, 
corrosion could be stopped by us- 
ing a reducing atmosphere or 
limiting the supply of oxygen. The 
use of a reducing atmosphere 
works in some cases, as shown by 
the bright and shiny surfaces of 
many metals that are heated in 
dry hydrogen. However, this tech- 
nique is not a cure-all. 

In many cases either it is not 
practical to remove the air, or else 
a small amount of oxidation may 
even be helpful in combating more 
rapid corrosion of another type 
brought about by some minor im- 
purity in the atmosphere. The 
latter case is exactly what occurs 


when nickel is attacked by sulfur. 
The hydrogen sulfide formed in a 
reducing atmosphere can produce 
grain-boundary attack. This at- 
tack is accompanied by the for- 
mation of large amounts of nickel 
sulfide which tend to force the 
alloy grains apart. A similar type 
of failure might be expected in an 
oxidizing atmosphere containing 
sulfur dioxide. However, the rate 
of corrosion is actually slower in 
the oxidizing atmosphere than in 
the reducing atmosphere because 
the formation of some nickel 
oxide in the oxidizing atmosphere 
inhibits sulfur attack. If nickel 
must be used in a sulfur-bearing 
atmosphere at high temperatures, 
it can be made much more resist- 
ant by adding chromium, as in the 
case of the Inconel alloys. 
Atmospheres do not always 
behave as expected 

Before we take up this point let 
us define the three types of atmos- 
phere that can be encountered in 
service. 

Broadly speaking, any atmos- 
phere is considered oxidizing 
with respect to a metal if one or 
more of its constituents react 
with the metal to form a new 
compound. This is true even if 
the compound formed does not 
contain oxygen. Typical oxidizing 


atmospheres are oxygen, the halo- 
gens, carbon dioxide and steam. 

By common definition, a reduc- 
ing atmosphere differs from an 
oxidizing atmosphere in that it 
reacts with a compound of the 
metal to yield back the metal it- 
self. Examples of reducing atmos- 
pheres are carbon monoxide, 
ammonia and hydrogen. 

A neutral atmosphere has no 
effect on the metal or its com- 
pounds. It may consist of pure 
noble gases such as helium or 
argon or, in certain cases, nitro- 
gen in a vacuum. 

The danger in using common 
definitions of this type is that at- 
mospheres do not always behave 
the way they are expected to. An 
atmosphere can be changed with 
respect to the metal—from oxidiz- 
ing through neutral to reducing— 
just by changing the temperature, 
or the composition of the alloy, or 
the atmosphere. Consequently, all 
of these factors must be known 
before an atmosphere can be 
typed, and general classifications 
of atmospheres as “oxidizing” or 
“reducing” are not always correct. 

For example, consider a hydro- 
gen atmosphere containing 
enough water to produce a dew 
point (water vapor content) of 
-40 F, and suppose this atmos- 
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phere passes over a piece of nickel 
and a piece of chromium, each at 
1470 F. Normally, we would con- 
sider that this is a reducing at- 
mosphere. The nickel will not 
form a surface oxide, and if an 
oxide film is already present the 
atmosphere will react with the 
oxygen in the oxide to form water 
and metallic nickel. Therefore, 
the atmosphere is reducing to- 
ward nickel. However, if an ox- 
ide film is present on the chro- 
mium, the hydrogen will not re- 
act with the oxygen in the chro- 
mium oxide to form chromium 
and water Instead, the 
present in 


vapor. 
water vapor already 
the hydrogen will react with the 
chromium to form more chromium 
oxide. Therefore, the atmosphere is 
oxidizing toward chromium. This 
same atmosphere can be made 
reducing toward chromium by 
raising its temperature to 1920 F 


or reducing its dew point to —75 F. 
Thus, we have a “reducing” at- 
mosphere that is both reducing 
and oxidizing. 

Gas pressure and flow also 
determine rate of corrosion 

In some cases various theories 
can be used to predict the effect of 
gas pressure on corrosion rates. 
However, it is difficult to predict 
corrosion rates for metals such as 
zirconium, titanium, vanadium 
and columbium, as their oxidation 
rates can either increase or de- 
crease while the pressure of the 
corroding atmosphere is being in- 
creased. In any event, identical 
pressures should be maintained if 
comparative corrosion tests are 
to be made. 

Flow rate is an important cor- 
rosion factor when the corroding 
gas is a mixture of active and in- 
active agents at normal pressure. 
Less gas comes in contact with 


the surface at a slow gas flow. 
Thus, at a very slow flow the 
amount of active gas at a surface 
can become stagnant, and after it 
reacts with the metal there is no 
new supply of active gas to take 
its place. Thus, the inactive gas 
remaining produces a protective 
layer and the corrosion rate is 
greatly decreased. The corrosion 
rate when the gas is stagnant 
can be two to four times less than 
when the gas is flowing fast 
enough to prevent stagnation. 

However, if the less active gas 
is able to react with the metal to 
some extent, maintaining a stag- 
nant layer may result only in ex- 
changing one undesired process 
for another. An example is the 
embrittlement of 446 chromium- 
iron in stagnant air through the 
formation of chromium nitrides 
after the oxygen has been de- 
pleted. 


4. Some surface treatments can increase corrosion rates 


Metals that are to be used at 
high temperatures can be surface 
treated in a variety of ways, such 
as rolling, machining, polishing, 
abrading, pickling or coating. The 
kind of surface preparation used 
can have a considerable influence 
on corrosion rates. For example 
a shiny surface that is pleasing 
to look at may not provide the 
best corrosion resistance. A metal 
such as Hastelloy oxidizes much 


more rapidly in air after it is 
cleaned with a bromine-methyl 
alcohol solution than it does when 
the surface is abraded. Also, cer- 
tain iron-nickel alloys have been 
found to oxidize much faster in 
air when the surface is sand- 
blasted than when the surface is 
pickled. 

Some inorganic and ceramic 
coatings are quite useful in pre- 
venting corrosion at very high 


temperatures. These coatings 
often have a tendency to crack 
and spall. However in many cases 
their adhesion can be improved 
by giving the base metal an initial 
pretreatment in the corroding at- 
mosphere. The _ resulting thin 
corrosion product that is formed 
not only is adherent and pro- 
tective to the base metal, but pro- 
motes adhesion of the coating 
material that is applied to it. 


5. Thermal cycling and temperature affect protective films 


Thermal cycling can 
destroy coatings 

The resistance of metals to high 
temperature corrosion by gases is 
often markedly affected by the 
amount of thermal cycling that 
occurs. If protective corrosion 
products and coatings have a dif- 
ferent coefficient of thermal ex- 
pansion than the base metal, se- 
vere temperature changes will 
create stresses and cause the films 
to crack and fall off. Thus, cor- 
rosion is always likely to be more 
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severe under thermal cycling con- 
ditions than at a constant temper- 
ature. 

Some improvement in resistance 
to thermal cycling can be obtained 
by using a glass coating which 
softens and yields at high temper- 
atures, or by locking the surface 
scale onto the base metal. The 
greatly increased life of Nichrome 
heating elements, for example, ap- 
parently occurs through the addi- 
tion of rare earths which increase 
the adhesion of the protective 
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corrosion products formed. 
Temperature determines 
kind of reaction 

Temperature determines the 
kind of reaction that will occur 
as well as the rate at which it will 
proceed. One reaction and its cor- 
responding corrosion product may 
predominate at a given tempera- 
ture. However, a rise in tempera- 
ture can cause a second reaction 
to predominate that will produce 
a new and different type of cor- 
rosion product. 
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This manual gives detailed information 
on important design properties such as elastic 
moduli, elastic limits, allowable stress and 
temperature limits. It covers six major 
groups of materials: 
> Carbon steels > Nickel alloys 
» Alloy steels » Copper alloys 
> Stainless steels >A cobalt alloy 


by John T. Milek, Consulting Engineer, Los Angeles, Calif. 


Large and small sizes 


Variety of designs Photos courtesy Alco Producta, Inc. 
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@ The three most important factors 
in selecting a spring are the type 
of spring needed (i.e., compression, 
torsion, etc.), the actual design of 
the spring itself, and the materials 
of which it is to be made. A good 
deal of information has been pub- 
lished on available spring types and 
spring design. However, despite 
many excellent scattered sources of 
data on spring mate- 
readily available in 


information, 
rials are not 
one reference source. 

The purpose of this article is to 
summarize the principal spring 
materials that are available and 
describe their important properties. 


Carbon steels 
1055, 1060 


Low in cost 
Good for general purpose uses 


SAE 1055 and 1060 carbon steels 
are good quality, low spring 
materials which are quite useful in 
general purpose applications where 
high grade expensive steels are not 
required. They are satisfactory for 


cost 


Naturally, space does not permit a 
complete description of properties. 
It is recommended that the designer 
consult closely with a spring sup- 
plier before making his final selec- 
tion. 

Spring materials can be divided 
into the following six main groups: 
carbon steels, alloy steels, stainless 
steels, nickel alloys, copper alloys, 
and a cobalt (Elgiloy) alloy. Each 
of the principal materials in these 
groups is described in this manual. 
In general: 

> The highest stressed springs are 
usually from music wire or 
chromium-vanadium steel. 


made 


low-stressed helical and flat springs 
but are not generally desirable fon 
torsion springs. They should not be 
used where long fatigue life is 
needed or where temperature exceeds 
250 F. 

The two steels are readily avail- 
able in wire diameters from 0.031 
to 0.5 in., and are satisfactory where 
commercial tolerances are permitted. 





A Look at Plastics Springs 


Much attention has been de- 
voted in recent years to the de- 
velopment of plastics materials 
for springs. In addition to their 
high corrosion resistance 
tics springs are fairly easy to 
fabricate, have good dimensional 
and structural stability, are non- 
magnetic, and have low electri- 
cal and thermal conductivity. 
However, their strength cannot 
with that of metal 
Most applications of 
plastics springs to date have 
been largely experimental, and 
their future appears to lie in 
low strength applications where 


plas- 


compare 
springs. 


special properties are needed. 
One of the most successful 
applications of plastics springs 
has been their use in an electro- 
magnetic vibratory feeder (for 
description see M/DE, Apr ’58, 
p 144). The spring system of 
this feeder consists of two flat 
disk-shaped plastics springs and 
one cantilever leaf spring, all 
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made of a controlled filament, 
glass-fiber-reinforced epoxy lami- 
nate. Alternating plies of the 
laminate are oriented at 90 deg 
to provide isotropic strength 
characteristics. 
A number of 
reinforced plastics helical springs 
have been developed at the Na- 
tional Bureau of Standards. 
Various combinations of resins 
(notably epoxy and polyester) 
have been used in conjunction 
with various reinforcements (in- 
cluding chromium-finished glass 
roving, braided and ribbon glass 
tape, and nylon filament). Of 
these combinations, the best 
spring material appears to be 
an epoxy resin reinforced with 
double rows of glass roving. In- 
cluding the Wahl correction 
factor, this promising composite 
material has a modulus of 
1,000,000 psi, as contrasted to 
250,000 psi for the unreinforced 


experimental 


material 
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p The carbon steels are quite popu- 
lar because of their low cost. 


>» Stainless steel, phosphor bronze 
and beryllium copper perform very 
well in applications requiring high 
corrosion resistance. 

>» Alloys such as Inconel, Inconel X 
and 17-7 PH stainless steel provide 
excellent service where high temper- 


atures are involved. 


> If high accuracy with temper- 
ature changes is needed, one of the 
constant modulus alloys such as Ni- 
Iso-Elastic or Elinvar 


considered. 


Span C, 
should be 


Spring properties (properties of all 
the carbon steels are listed in Table 
1) of the materials are produced by 
reduction of the wire. Flat 
sometimes from 


cold 
springs are 
annealed stock. 


1065 oil tempered 


Good shock and impact 


made 


resistance 

Long fatigue life at 

high stresses 

This is a general purpose spring 
steel which, in addition to the above 
advantages, can be used at temper- 
atures up to 425 F. Also, it is 
moderately priced and is an ex- 
cellent material for springs without 
severe bends. It is a better spring 
material than hard drawn spring 
steel, but not as good as music wire. 
It is less resistant to the effects of 
plating and is slightly more ex- 
pensive than hard drawn wire. 

The material is cold drawn to the 
desired size and then heat treated 
by a continuous tempering method. 
The springs are coiled and formed 
from this hardened material. A low 
temperature stress relief is all that 
is required after processing; this 
final heat treatment (1% hr at 450- 
650 F) relieves the stresses set up 
in coiling and hooking. 

Oil tempered valve spring steel is 
the same material as oil tempered 
spring wire except that greater care 
is spent on controlling the surface 
of the wire. Reduced surface defects 
and improved heat treatments give 
this material longer life than ordi- 
nary oil tempered spring steel (see 
Fig 1 and 2 for fatigue properties). 





TABLE 1—PROPERTIES OF CARBON STEEL SPRING MATERIALS 





Type » 


1065 
Hard Drawn 


1065 Oil 
Tempered 


1055, 1060 


1095 
High Carbon 


1085 
Music Wire 





PHYSICAL PROPERTIES 


Density Ib/cu in. 

Coef of Ther Exp, 10® per °F 
Elec Res, microhm-cm 

Max Service Temp, F 


MECHANICAL PROPERTIES 


Rockwell Hardness 

Mod of Elast in Tension, 10€ psi 

Temp Coef of Mod of Elast, per °F 

Mod of Rigidity, 10® psi 

Temp Coef of Mod of Rigidity, per °F 
Ten Str (in. wire dia in paren), 1000 psi 


Elastic Limit, 1000 psi 
Tension 
Torsion 


Allowable Str for Helical Compr Springs, 1000 psi 


Light Service 
Average Service 
Severe Service 





0.284 
6.2 (77-212 F) 


C42-46 C41-45 
30 29-30 30 

190 x 10-6 342 x 10-6 
11.5 11.5 11.5 

140 x 10-6 

281 (0.028) 
175-205 (0.375) 
165 (0.5) 


271 (0.028) 
167 (0.362) 
156 (0.5) 


271-311 (0.028) 
167-193 (0.375) 
147-170 (0.625) 


100-200 
75-130 


120-180 
80-130 


80 
65 
55 


0.284 0.283 
6.5 (68 F) 6.3 (68-212 F, ann.) 
ll 18 
250 250 


29-30 30 
190 x 10-6 
11.5-12 
145 x 10-® (—4 to 122 F) 
See Fig 3 


11.5 


See Fig 6 


150-350 150-310 


90-180 


100 80 
85 70 
70 60 





aVaries with wire dia. 


bThese design stress values include Wahl Factor and are subject to following general adjustments: 
b) compression springs—increase by 10-15 
e) suddenly applied loads 


increase by 10%; 
reduce by 10-20%; 


0.02 to 0.057 in. 
d) extension springs 


1065 hard drawn 

Low in cost 

Readily plated 

Good for general purpose uses 


This hard drawn carbon steel is 
commonly used for general purpose 
springs where cost is an important 
factor. It can be readily electro- 
plated and is popular where long 
life and accurate loads and deflec- 
tions are not too important. It 
should not be used at sub-zero tem- 
peratures or above 250 F. 

SAE 1065 spring steel is made 
the same way as music wire, but 
less care is taken in processing the 
material and in maintaining uniform 
chemical composition. Cold working 
gives the wire all its spring prop- 
erties. Compared to music wire, the 
material has a considerably lower 
elastic limit but about the same 
moduli of elasticity and rigidity. 


1085 music wire 

Very high tensile strength 

Good fatigue resistance 

Higher quality but higher cost 
than other carbon steels 


Music wire is of the best, 
toughest, and most widely used mate- 


one 


reduce by 50%. 
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Fig 1—Fatigue strength of 1065 carbon 


steel (valve spring quality). 


rials for small springs. It has the 
highest tensile strength (see Fig 3) 
and can withstand higher stresses 
under repeated loading than any 
other spring material. It is not rec- 
ommended for temperatures below 
zero or above 250 F. 

Music wire is recommended for 
most mechanical springs having a 
wire size less than 0.028 in., and it 
can be used in sizes up to % in. 
where high strength and good sur- 
face finish are needed. Music wire 
can be easily plated and is obtain- 
able pretinned or preplated with 
cadmium. Plating after forming is 
preferred, especially when salt spray 
resistance is required. The fatigue 


%; ¢) torsion, flat and cantilever springs 


a) wire dia under 0.02 in.—increase by 20%; 
increase by 50-75%; 


000 psi 


After 96 hr use 


—--— Shot peened | 
—— Nor shot peened | 
c | =) Ee ee ee 
00 200 300 400 
Temperature, F 
Fig 2—Endurance limit of 1065 
carbon steel at elevated tempera- 


Moximum Stress, 


tures. 


life of music wire is excellent (see 
Fig 4 and 5), which is the main 
reason it has become so popular in 
recent years. 

Music wire is generally reduced 
about 80% in eight to ten drawing 
passes. Upon being formed into 
springs and heated to 375-425 F, it 
will actually increase in hardness 
and tensile strength. If treated at 
700-725 F, its physical properties 
drop slightly, but its heat resistance 
and fatigue properties are improved. 
Formed music wire springs that are 
stress relieved at 750 F have about 
the same fatigue properties and re- 
sistance to load loss at high tem- 
peratures as valve spring wire. 
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1000 ps 


Tensile Strength, 


~™ 
~ <— > 
~™ WO 
~™ 
= 


000 ps 


Not peened 


Stresses computed with bend-| 
ing. Initial working stress= 


20,000 ps 


a 





Moximum Stress, 








006 010 
Wire Diameter, in 


002 


Fig 3—Tensile strength of cold drawn 1085 


diameter. 


music wire as it varies with wire 


1095 high carbon 
U se ful for clock and 


motor springs 


Not re adily formed 


SAE 1095 high carbon (0.9 to 


1.04%) steel is extensively used for 
clock 


and motor springs. It is also 


04 05 108 10” 


Cycles to Failure 


stre ngth of 


Fig 4—Fatigue 


1085 music wre at room 


temperature. 


useful for instrument springs and 
flat springs which do 
much forming. Because of the mate 
limited forming properties, 
spiral and clock springs 
usually have their end sections an- 
to facilitate bending and 


not require 
rial’s 
must 


nealed 
piercing. 
The steel is not used where good 


TABLE 2—PROPERTIES OF ALLOY STEEL SPRING MATERIALS 





6150 
Chromium- 
Vanadium 


Type »> 


Chromium- 


| 
9260 
Silicon- 
Manganese 


18-4-1 
Tool Steel 


9254 


Silicon 





PHYSICAL PROPERTIES 


Density, Ib/cu in 0.284 

Coef of Ther Exp, 10® per °F .} 8.1 (70-1200 F) 

Elec Res, microhm-cm 21 

Max Service Temp, F 750 (at low 

stresses) 400 (at 
high stresses) 


MECHANICAL PROPERTIES 


Rockwell Hardness 

Mod of Elast in Tension 
psi 

Temp Coef of Mod of Elast 
per °F 

Mod of Rigidity, 10° psi 

Temp Coef of Mod of Rig 
idity, per °F 144 x 106 

Ten Str (in. wire dia in 
paren), 1000 psi 


10° 


146x 10° 
11.2-11.5 


300 (0.032) 
200 (0.394) 
Elastic Limit, 1000 psi* 
Tension 
Torsion 
Allowable Str for Helical 
Compr Springs, 1000 psi 
Light Service 85 
Average Service 5 
Severe Service 60 


180-230 
100-130 





225 


285-305 (0.035) 
245 (0.375) 


0.284 


800 (at low 
stresses) 


200-250 in tension See Fig 11 


140-175 in torsion 


180-230 
100-130 


220-300 
130-160 


82 
70 
57 





‘Varies with wire dia 
These design stress values include 


ments: a) wire dia under 0.02 in.—decrease t 


om] 10-15¢ 


reduce 


ression springs —increase by 


i extension spring 


cRegular temper, Re 49 
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y 


Wahl Factor and are subject to following general adjust- 


10%: b) 


rease by 


20%; 0.02 to 0.057 in by 
flat 


suddenly 


Increase 
ind cantilever im 


pplied loads 


springs 
reduce by On 


yrsion 
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As instol 
AS stalled 


1000 ps 


Moximum Stress, 


—-=— Shot peened 
Not shot peened 
1 1 1 


200 300 400 
Temperature, F 


Fig S—Endurance limit 


music wire at elevated te mperatures. 





100 


of 1085 


torsional properties are needed (for 
tensile strength, see Fig 6). Because 
of its high carbon content it achieves 
maximum hardness the 
quenched condition. Cold forming is 
limited to flat stampings and springs 
coiled from diameter 
Maximum service temperature in the 
spring tempered condition is 250 F. 


as 


in 


small wire 


Alloy steels 


6150 chromium-vanadium 


Good fatigue properties 


Good for highly stressed 
springs subject to 


extreme shock 


This the most popular 
spring for springs that 
required to withstand a large num- 
of Fig 
7 and carbon 
steel with 
added to hardness and 
tensile strength Table 2 for 
properties of alloy steels). It can be 
obtained either oil tempered or an 
nealed; the pretempered material is 
best for valve or gun 

Springs of 6150 can be used at 
extremely high stresses in applica- 
tions where they will also be subject 
to extreme shock and impact loading. 
For springs of high endurance, the 
alloy is usually used at a hardness 
of Rockwell C44-49; where extreme 
stresses and short life are expected, 
the hardness increased to Rock- 
well C50-53. 

In in. and under, 6150 
alloy springs have no higher endur- 
ance limits than plain carbon steels 
of valve spring quality. However, 
the alloy springs have less tendency 


alloy 


is 
steel are 


ber operating cycles (see 


8). It 
chromium and vanadium 


is a medium 


increase its 


(see 


springs. 


1S 


sizes %% 





to relax'at temperatures as high as 
100 F, at fiber stresses up to 100,060 
psi. Satistactory ob- 
tained even up to 750 F when loads 
when the 
narrow, or when 


operation 1s 


are not severe, stress 


range 1S stress 


changes are infrequent. 


9254 chromium-silicon 
Performs well when 
highly stressed 
Resists shock 


Has long life 


This alloy is noted for its high 
hardness and good performance at 
extremely high stresses. Because of 
its heat resistance and hardness, the 
alloy can be used in valve springs 
transmissions at 
The alloy 
for 
guns where 


and automotive 
temperatures over 275 F. 
was developed originally recoil 
anti-aircraft 
shock 
long life were needed. 
The endurance limit 

and 10) of the 9254 alloy either be- 
after shot 
carbon steel in 


springs in 


high resistance to loads and 


(see Fig 9 
fore or peening equals 
that of the 
condition. At a given stress value, it 
can be used at a temperature 100 °F 
higher than the 6150 alloy and at 
higher hardnesses without breaking. 
The 9254 alloy provides excellent 
service for short life 
(5000 to 100,000 cycles). It can be 
coiled into springs with a D/d ratio 


same 


applications 


(main spring dia to wire dia) of 5:1 
at a hardness of Rockwell C52. After 
forming and heat treatment the alloy 
should be given a magnetic particle 
inspection for hardening cracks or 
other surface defects. 


9260 silicon-manganese 
High tensile strength 
Better heat resistance 


than carbon steels 


At one time 9260 was principally 
used for the large front suspension 
springs of automobiles. However, as 
a result of continued development 
during World War II, the high 
strength alloy is now available in a 
wider range of sizes. When used in 
a diameter as small as 0.035 in., the 
hardened alloy has a tensile strength 
of 300,000 psi and a of 
tockwell C50-54. As its diameter is 
increased to * in., the alloy’s ten 
sile strength drops to 250,000 psi. 

If all conditions are equal, 9260 
can be interchanged with the 9254 
chromium-silicon alloy. Its resistance 
to heat, especially up to 450 F, 
steel. It 


hardness 


ex- 


ceeds that of carbon can 


Tensile Strength, |OOO psi 
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Fig 6—Tensili 


strength of 1095 cai 
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Fig 7—Effect of shot peening 
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steel. 
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400 


Fig 8—Endurance limit at elevated tem- 


peratures of 6150 chromium-vanadiun 


steel (0.142-in. wire). 
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gol 
04 o> 76 io”? 
Cycles to Failure 
Fig 9—Fatigue 
of chromium-silicon 


spring steel. 


strength 
sili 
tur 


9254 


be obtained hot or cold rolled, or in 
the drawn condition, and can be used 
as a lower cost material in place of 
the 6150 chromium-vanadium alloy. 
Round, square and rectangular sec- 
tions in both annealed and pretemp- 
conditions are obtainable in 
0.031 to 0.5 


ered 


sizes from in. 


200 300 
Temperature, F 


100 


Fig 10—Endurance limit of 9254 chromtum- 


steel at elevated tempera- 


con springs 


18-4-1 tool steel 


Good high temperature 
properties 
Limited availability 


A limited amount of research has 
been done on the spring properties 
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of high speed 18-4-1 (18 tungsten-4 
chromium-1% vanadium) tool 
The alloy is known for its hardness 
retention at high temperatures and 
its ability to be heat treated to vari- 
ous tempers. It is reported in the 
literature that 18-4-1 springs 
withstand a combined 
of 40,000 700 F, and that 
by cutting this stress in half it is 
springs at 800 F. 
the 
indicate 


steel. 


can 
total stress 


psi at 


possible to use the 
The limited 
alloy (see Fig 11 
that it has 
high temperatures. 
alloy 


available on 
12) 
properties at 

the 
many 


data 
and 
favorable 
However, 
is not available in very 


shapes and sizes 


Stainless steels 
Type 302 


Good strenath at moderate 
temperatures 

Good corrosion resistance 

Type 302 is a 

nonmagnetic, 


general purpose, 


austenitic alloy with 


corrosion resistance (general 
properties of 302 and other stainless 


Table 3). For 
spring applications it is generally 


good 


steels are 


given in 


furnished in the cold rolled or drawn 


condition in diameters from 0.003 to 


0.375 in. Its tensile strength varies 
from a minimum of 140,000 psi for 
the large size to 320,000 psi for the 
(see Fig 13). 


802 


small 

Type 
strength at moderate temperatures. 
If properly treated after 
they will set less than other spring 
(except high speed steel) at 
However, the of set 
600 F sometimes 
the 


$1ze 


springs have good 


forming 


steels 
500 F. 
produced at 
use of 
springs. 

The alloy is nonmagnetic in the 
annealed 


amount 
pre 
for ac 


cludes material 


curate 
condition; however, draw- 
ing or rolling of wire forms causes 
transformation to 
Consequently, the smaller 


some martensite. 


wire sizes 
tend to be magnetic. 

The fatigue and strength proper- 
ties of 302 stainless steel springs can 
be improved by shot peening (see 
Fig 14). However, it must be re- 
membered that the initial gain in 
properties produced by shot peening 
is reduced after prolonged exposure 
at high temperatures. 

One trouble encountered with type 
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Fig 11—Tensile strength of high 
speed tool steel (18-4-1) at elevated 


temperatures. 


Fig 13—Variation of tensile strength with 


for 


wire diameter types 302, 304 


tatinless steels. 
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Fig 12—Endurance 


at elevated temperatures. 


limit of 18-4-1 


Fig 14—Endurance limit of 
steel at 


tempe ratures. 


316 type 302 stainless 


various 


TABLE 3—PROPERTIES OF STAINLESS STEEL SPRING MATERIALS 





Type »> 302 


| 


304 316 414 17-7PH 





PHYSICAL PROPERTIES 


Density, Ib/cu in 0.288 
Coef of Ther Exp, per °F 9.6 
Elec Res, microhm-cm 72 
Max Service Temp, F 





MECHANICAL PROPERTIES 


Rockwell Hardness 

Mod of Elast in Tension, 10® psi 

Temp Coef of Mod of Elast, per °F 
Mod of Rigidity, 10® psi 

Temp Coef of Mod of Rigidity, per °F 
Ten Str (in.wire dia in paren), 1000 psi 


8.5-10 


Elastic Limit, 1000 psi* 
Tension 
Torsion 


60-260 
66-150 





26.5-29 
200 x10 


220x 10-8 
See Fig 14 | See Fig 14 See Fig 14 


0.287 0.288 0.277-0.282 
8.4 ; 6.1-8.5 
72 74 87 

1000 


10 a ll 


260-350 (0.03) 
192-265 (0.44) 


60-260 
45-140 


130-200 
80-130 





sVaries with wire dia 


302 is that its modulus varies with 
different mill practices. 
the springs are heated after form- 
ing, the more this fault is corrected 
and the closer the steel approaches 
its true modulus of 28 x 10° psi in 
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The higher 


bHeat treated condition. 


bending and 10° psi in torsion. (A 
comparison of the moduli of rigidity 
and elasticity of three widely used 
stainless steels with other popular 
spring materials is given in Fig 15 


and 16.) 





Modulus of Rigidity, psi x 10 


© 100 200 300 400 500 600 


a a a a 
700 800 900 1000 1100 1200 


Temperature, F 


Fig 15—Variation of modulus of rigidity with temperature for 11 different 


spring materials. 
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Fig 16—Change in modulus of elasticity of five spring materials as a func- 


tion of temperature. 


Type 304 
High in tensile strength 
Usable up to 700 F 


Type 304 is a nonmagnetic aus- 
tenitic stainless steel that is some- 
what superior to type 302 in 
corrosion resistance. It cannot be 
hardened by heat treatment, but it 
can be work hardened to extremely 
high tensile (see Fig 13) and yield 
strengths. The alloy has better bend- 
ing properties and is easier to draw 
than type 302, and has roughly the 
same tensile strength. 

Although type 304 stainless steel 
is resistant to oxidation at tempera- 


tures up to 1650 F, its maximum 
service temperature in spring ap- 
plications is 700 F. A special 304L 
alloy with a low carbon content 
(0.03% max) is available to pre- 
vent carbide precipitation. Although 
the alloy is nonmagnetic in the 
annealed condition, it becomes slight- 
ly magnetic when cold worked. 


Type 316 


Good strength at high 
temperatures 


High corrosion resistance 


Type 316 is similar in composition 
to type 302 except for its slightly 


higher nickel content and the addi 
tion of about 2% molybdenum. The 
alloy is less magnetic than type 302 
in the spring temper, and has even 
better corrosion resistance. Type 316 
is preferred by the military for aero- 
nautical springs even though its 
tensile strength (see Fig 13) is 10 
to 15% lower than that of type 302. 

The alloy has good cold working 
properties and can be used for rather 
severe cold forming operations. It 
exhibits good short time tensile and 
creep strength properties at elevated 
temperatures. 


Type 414 
Good corrosion resistance 

for general purpose uses 
Poor low temperature properties 

Type 414 is a straight chromium, 
low nickel, heat treatable, marten- 
sitic stainless steel which is in gener- 
al use for springs. It is coiled and 
formed in the annealed condition 
and then hardened in a manner 
similar to carbon steels. It is mag- 
netic and does not have the so-called 
“stainless” quality until after it has 
been heat treated. 

Under relatively low stresses, type 
414 can be used up to 550 F with a 
load loss of less than 10%. Its tensile 
strength is about 15% lower than 
that of type 302. Stress values be 
tween 40,000 and 60,000 psi (includ 
ing curvature correction factor) have 
been used quite frequently with ex- 
cellent results. 

Type 414 springs are unsatisfac 
tory for sub-zero application because 
of their brittleness and inability to 
withstand shock or impact loading 
at low temperatures. The alloy is 
generally recommended for springs 
with wire diameter greater than 
34g in. or for smaller wire sizes where 
the diameter ratio (D/d) is less 
than 4. Hard rolled 414 strip is 
frequently used for flat springs with- 
out further hardening. 


17-7 PH 
Long life under severe 
service conditions 
Excellent high and low 
temperature properties 
Type 17-7 PH stainless steel is an 
excellent spring material combining 
the high mechanical properties of 
music wire with the outstanding 
corrosion and heat resistance of the 
austenitic stainless steels. The alloy 
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is an excellent material for all kinds 
of springs where long life is required 
under severe service condition—high 
or low corrosive 
atmospheres. It has excellent fatigue 
properties, reasonable ductility, and 


temperatures ol 


high yield strength, modulus of 


elasticity and strength-to-weight 
ratio. 
elevated 


At room and tempera- 


tures, 17-7 PH has higher strength 


Nickel alloys 


Monel 


Lowest cost but 
lowest strength of 
nickel alloys 


Good corrosion resistance 


rhe nickel-copper monel alloy is a 
popular spring material because of 
its high strength and resistance to 
alkalis and many acids. It is one of 
of the nickel 

suitable for 


the least expensive 
and is 


lightly 


pring alloys 
moderate ly and loaded 


prings operating 
onditions. It can be used over a 


under corrosive 


temperature range of —100 to 425 F 
at normal operating stresses. Opti 
mum resistance to oxidation is pro 
luced by a 1-hr stress-equalizing an 
neal at 650 F. 
The _ tensile 


strength of monel 


ranges from 100,000 to 160,000 psi 


n wire sizes up to 3/16 in. dia 


(properties ¢ f the nickel alloys are 
given in Table 4). Larger sizes and 
rip are obtainable with lower ten- 


Hard 


can be used for 


sile strengths temper strip 
applications such 
as flat springs and valve springs. 
K monel alloy can be used instead 
of monel where better mechanical 
properties and slightly better high 
temperature properties (K monel is 


needed. k 


larger wir 


usable to 0 F) are 
monel is available n 


] 


sizes than monel and, like monel, 


+ 


ssentially nonmagnetic 


Inconel 
Good satre nath to 700 F 
High 


Incone ] 


corrosion§ re sflance 


75 nickel 13 t¢ 


(approx 


16 chromium-—9% iron) 
noted for it 


especial \ 


corrosion esistance 


trength, and resistance to oxidatior 


u high Ineone 


to 10 F 


temperature 


prings can be used down 
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than beryllium copper and many 
nickel alloys. It retains a good po 

tion of its strength in the 500 to 
600 F t 
800 F. The 
perature of 17-7 PH helical compres 
sion springs is about 100 to 150 °F 
higher than that of type 302 stainless 
and close to that of Inconel X (17-7 
PH has a much higher endurance 
limit than Inconel X). 


range and stands up well a 


maximum service tem 


and give good performance up t 
700 F 


or slightly lower stresses. At 700 F 


when designed for average 
the loss of load is less than 5% in 
48 hr 
the possibility of using the alloy at 


Recent tests have indicated 
900 F under special conditions with 
some set allowed. 

tensile 


Inconel derives its high 


strength and hardness from cold 
drawing or cold rolling; it cannot 
be hardened by heat treatment. Wire 


1 


up to 4 in. dia has the best tensile 


prope rties, 


Inconel X 
Usable up to 1200 F 


High in strength and corrosion 


resistance 


This alloy is quite similar in com 
position to Inconel except that it 
contains small amounts of titanium, 
whic h 


columbium and aluminum 


make it precipitation hardenable. It 
is noted for its high strength at 
elevated temperatures and its resist 
osion and 


1 
ance t chemical co 


oxidation. It can be used up to 
1000 F fo 
up to 1200 F for 


Ox dizing 


p olonged periods and 
sho tT periods where 


conditions 


corrosive 


exist. 

Inconel X acquire its excellent 
spring properties by a combination 
of heat treatment and cold working 
Spring wire is ordinarily furnished 
with about 15% cold reduction (No. 
1 temper) corre sponding to a tensile 
strength of about 140,000 psi. Afte: 
heat treatment tensile strength is 
aised to about 200,000 psi. Tensile 
00 000 ps 


strengths approaching 


can be obtained by heat treating 
heavily drawn cold spring wire afte? 


Inconel X wire ha 


been drawn down to diamete! a 


heat treatment 


small as 0.005 in. 
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Type 17-7 PH has good dimen- 
sional stability, and spring dimen- 
sions are unaffected by hardening 
treatments. Springs heated to 1000- 
1050 F to remove working stresses 
still retain their good spring prop- 
erties. This treatment results in a 
constant spring rate. Springs of 17-7 
PH show less relaxation than those 
of type 302 stainless and slightly 
more than those of Inconel] X. 


Permanickel 


Good 


and corrosion resistance 


in electrical conductivity 


Usable up to 600 F 


Permanickel is a 
(98%) form of nickel with enough 
alloy content to make it age hard 
ening. It occupies a place between 
K monel and Inconel, and can be 
cold worked and heat treated. As 
drawn to spring temper, its tensile 
strength ranges from 150,000 to 
200,000 psi, and it is quite usable 


relatively pure 


for many spring applications with- 
out further heat treatment. 


Duranickel 


Good in resistance to 


fatigue and corrosion 
Usable up to 650 F 


Duranickel is an age  harden- 


able 93.7 nickel—-4.4% aluminum alloy 


which has the excellent corrosion 
esistance that is characteristic of 
nickel plus added strength and hard 
ness. This spring wire can be cold 
drawn and subsequently age hard- 
ened to develop a tensile strength 
of about 225,000 psi. The alloy can 
be used in the as-drawn condition 
for some spring applications. 

Duranickel is about as corrosion 
nickel and will 


stresses than In 


resistant as pure 
vithstand highe1 
conel. Springs made from both wire 
and strip have good resistance to 
fatigue and provide excellent service 
under many corrosive conditions at 
room temperature. The springs can 
be used up to 650 F; they have been 
effectively used in toasters at 600 F. 
Othe 
diaphragms, bellows, 
disks, 
bridges in phonograph 
hands and numbers on watches used 


popular applications include 
flapper valve 
flexible 
pickups, 


snap switch blades, 


by the blind, and various parts in 


telautograph equipment. 





TABLE 4—PROPERTIES OF NICKEL ALLOY SPRING MATERIALS 





Permanickel 


| 


Duranickel : Monel: Inconel 


Constant Modulus Alloys 
Inconel X 


Iso-Elastic Ni-Span C 





PHYSICAL PROPERTIES 


Density, Ib/cu in 0.316 
Coef of Ther Exp, 10® per °F 


Max Service Temp, F 600 


MECHANICAL PROPERTIES 


Rockwell Hardness 
Mod of Elast in Tension, 10° psi. 
Temp Coef of Mod of Elast, per °F 
Modulus of Rigidity, 10® psi 
Min Tensile Str (in. wire dia in 
paren), 1000 psi 
As Drawn 


Age Hardened 


Elastic Limit, 1000 psi 
Tension 
Torsion 
Allowable Str for 
Springs, 1000 psi 
Light Service 
Average Service 
Severe Service 
Endurance Limit (10,000 cycles), 
1000 psi@ 
As Coiled 
Shot Peened 


Helical Compr 





7.2 (70-212 F) 


0.298 0.319 0.307 
7.2 (77-212 F) 7.9 (70-400 F) 5.6 
650 425 700 


170 (<0.028), 
150 (0.229- 
0.312), 125 
(0.5-0.563) 

205 (<0.028), 
190 (0.229- 

0.312), 

170 (0.5-0.563) 


160 (< 0.058), 
140 (0.115- 
0.313), 120 

(0.501-0.625) 

170 (<0.058), 
150 (0.115- 
0.313), 130 
(0.501-0.625) 


200 (<0.029), 
185 (0.23- 
0.313), 170 

(0.439-0.500) 


85-125 
50-70 


60 
50 
40 


45 
60 


8.3 (70-1000 F) 


0.294 
4.5 (—50 to 150 F) 
1200 700 


0.298 


C30-36 to C42 
26 24 
20 to 15x 10-* —10to 10x 10° 
9.2 9.4-9.8 


220 (for 
most sizes) 





aRoom temp. 


0.02 to 0.057 in increase by 10%; 
d) extension springs 
120,000 psi initial stress 


bVaries with wire dia. 
eThese design stress values include Wahl Factor and are subject to following general adjustments: a) wire dia under 0.02 in. 
b) compression springs c) torsion, flat and cantilever springs 
reduce by 10-20%; e) suddenly applied loads 


eTensile strength values are for spring temper wire 


increase by 10-15%; 
reduce by 50%. 


fTensile strength values for spring temper wire after stress relieving 


Constant modulus alloys 


Maintain constant load 
during temperature change 


Have good corrosion resistance 


The constant modulus alloys usu- 
ally contain high percentages of 
nickel and are desirable for springs 
that must exert uniform loads and 
deflections during changes in tem- 
perature. Because of their low 
thermoelastic coefficients, the alloys 
eliminate the variations in spring 
stiffness caused by changes in modu- 
lus with temperature. 

The alloys are also corrosion re- 
sistant and have low mechanical 
hysteresis and values. For 
these reasons they are preferred for 
food precision in- 


creep 


scales, 


weighing 


struments, gyroscopes, measuring de- 
vices, recording equipment and com- 
puting scales fairly wide 
temperature range. 

Constant modulus alloys are quite 
expensive and are not regularly 
stocked in a wide variety of sizes. 
Special processes are required in 
manufacturing the springs and it 
is recommended that they be speci- 
fied only after consulting with the 
spring supplier. 

Iso-Elastic—This alloy (36% 
nickel, 8% chromium, balance iron) 
is well suited for precision instru- 
ments because it has good corrosion 
resistance, a low temperature coeffi- 
cient of modulus of elasticity, a 
drift error of less than 0.02%, and 
a hysteresis error less than 0.01% 


over a 


increase by 20%: 
increase by 50-75%: 


of total spring deflection. Safe tor- 
sional stresses of 40,000 to 60,000 
psi are used with Rockwell hard- 
nesses of C30 to C36. Recommended 
temperature range is —50 to 150 F. 
The alloy is not ordinarily supplied 
in the unfabricated state, as careful 
processing is required to obtain its 
spring properties. It is not heat 
treatable. 

Ni-Span C—One of the principal 
advantages of Ni-Span C (41-48% 
nickel, 4.9-5.5% chromium, 2.4% 
titanium, balance iron and other 
elements) over other constant modu- 
lus alloys is that it is a precipita- 
tion hardening alloy which, after 
suitable heat treatment, develops un- 
usually high physical and mechanical 
properties. Heat treatment can be 
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carried out either in the soft an- 
nealed or cold worked conditions, the 
latter giving the best properties. 

In addition to its excellent thermo 
Ni-Span C is 
noted for its low hysteresis and good 


elastic properites, 
mechanical damping properties. Al- 
though it has not been advocated as 
a high temperature spring material, 
the alloy can be used at tempera- 
tures up to 650-700 F at working 
stresses of 40,000 to 50,000 psi for 


ordinary service condi- 


otherwise 
tions. It has good corrosion resist- 
ance, though not as high as some 


stainless steels. 


Copper alloys 


Phosphor bronze 


Good corrosion resistance 
High electrical conductivity 


Because of its good corrosion resist 


ance and _ conductivity, phospho: 


bronze is one of the most popular 
copper alloys for springs (see Table 
properties). The two most 
grades are Grade A 
tin, 0.25% 


(92% cop 


5 for 
widely used 
(95% copper, 4.75% 
phosphorus) and Grade C 
per, 5% tin, 0.25% phosphorus) 
Since addition of tin raises strength, 


C alloy is usually preferred where 
high mechanical properties are 


needed. However, because of its 
lower cost the A alloy is usually 
used where strength is not an 
important design factor. 

The properties of phosphor bronze 
springs can be improved considerably 
by shot peening. Tests show that a 
compression spring with a 20,000 to 
45,000 psi stress range (and a de- 
sign life less than 10° cycles) can 
have its stress range increased to 
20,000 to 50,000 psi by shot peening. 
have 


Phosphor bronze does not 


good high temperature properties 
and should not be used above 225 F 


Also, 
even though it has good corrosion 


at stresses over 20,000 psi. 


resistance it should not be used in 
salt atmospheres. 

Phosphor bronze is available in 
both wire and flat forms. The flat 
strip can be readily stamped and 
blanked to produce parts with good 
spring properties. The alloy is widely 
used in switch spring contacts that 
must carry electrical current. Be- 
cause of its resistance to arcing it is 
also quite popular for circuit break- 
ers, controllers and signalling de- 


vices, 
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Elinvar—This alloy (33-35% 
nickel, 5-21% chromium, 53-61% 
iron) is useful for constant modulus 
springs over a temperature range of 
150 to 300 F. It has high resist- 
ance to oxidation and corrosion, is 
magnetic effects, and 
has low thermal expansion. 


immune _ to 


Elinvar is austenitic and can only 
be hardened by cold working. Its 
elastic limit is about 45,000 psi, but 
considerably 
lower stresses. Principal applications 
for the alloy are scale springs, hair 
springs, watch bourdon 
tubes, tuning forks and similar uses. 


it is usually used at 


springs, 


Beryllium copper 
High conductivity 
Good mechanical properties 


Wider temperature range than 
other copper alloys 

Beryllium copper is an especially 
popular spring material for electrical 
applications because of its combina- 
tion of good mechanical properties, 
electrical and thermal conductivity, 
and resistance to wear and corrosion. 
It is the best electrical conductor of 
any spring alloy of comparable hard- 
ness, and is stronger and more fa- 
resistant than the other cop- 
Fatigue 


tigue 
per-base spring alloys. 
strength can be markedly increased 
by shot peening. 

This alloy resists common acids, 
salts, and sea and fresh water al- 
most as well as pure copper. Like 
most copper alloys, beryllium copper 
can be used at sub-zero temperatures. 
It has a higher operating tempera- 
ture than other copper alloys and re- 
tains good spring properties up to 
3200 «OF. 

Beryllium copper wire is generally 
half-hard temper, 
requiring heat treatment. It has 
sufficient ductility to be used in cold 
forming compression, extension and 
Solution annealed 


supplied in the 


springs. 
supplied but is not 


torsion 
wire is also 
generally recommended for springs. 

Beryllium copper springs are read- 
ily formed in the annealed or in the 
annealed and cold worked condi- 
tion. They are subsequently given a 
simple low temperature heat treat- 
ment which doubles strength values. 
Practically all internal stresses 
caused by rolling, drawing or form- 
ing are relieved during hardening. 

Because of its conductivity berylli- 
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um copper is extensively used in such 
electrical applications as_ switches, 
relays, circuit breakers, fuse clips 
and brush holder springs. Also, be- 
cause of its low mechanical hyster- 
esis it is popular for springs used in 
measuring instruments, bellows and 
diaphragms. 


Spring brass 

Low cost 

High conductivity 

Good corrosion resistance 


Comparatively poor 
mechanical properties 
and heat resistance 


Spring brass (approx 70% copper, 
30% zinc) has comparatively poor 
spring properties but is quite suit- 
able for many noncritical applica- 
tions. It is especially useful in low 
cost electrical applications where 
high temperatures or repeated flex- 
ing at high stresses are not en- 
countered. The alloy suffers a sharp 
drop in mechanical properties above 
150 F but is well suited for sub-zero 
applications. 

Spring brass has an elastic limit 
of about 40,000 to 60,000 psi in 
bending and 25,000 psi in torsion. 
Maximum working stress is 40,000 
psi. Its spring properties are obtained 
from the cold reduction of wire by 
drawing or strip by rolling. Spring 
brass cannot be hardened by heat 
treatment. It is not usually annealed 
since high annealing temperatures 
tend to destroy spring properties. 
After coiling or forming the alloy 
should be heated at a low tempera- 
ture to relieve forming stresses 
and improve fatigue life and other 
mechanical properties. The alloy is 
readily electroplated, welded, brazed 
and soldered. 


Other copper alloys 


materials 


Good re place ment 
for some applications 


Easy formability 
Good corrosion resistance 


A number of other copper alloys 
are available as alternates for the 
three copper-base spring materials 
described above. In general, these 
alloys are characterized by easy 
formability and good corrosion re- 
sistance. However, their comparative 
cost, availability and specific me- 
chanical properties should be check- 
ed against the characteristics of the 
more conventional copper alloys be- 
fore final selection is made. 





TABLE 5—PROPERTIES OF IMPORTANT COPPER SPRING ALLOYS 





Type »> 


Spring 
Brass 


Phosphor 
Bronze A 


Beryllium 
Copper 





PHYSICAL PROPERTIES 


Density, Ib/cu in. 

Coef of Ther Exp, 10® per °F 
Elec Res, microhm-cm 

Elec Cond, % |ACS 

Max Service Temp, F 





MECHANICAL PROPERTIES 


Rockwell Hardness 
Mod of Elast in Tension, 10° psi 
Temp Coef of Mod of Elast, per °F 
Mod of Rigidity, 10® psi 
Temp Coef of Mod of Rigidity, per °F 
Tensile Strength, 1000 psi 
Elastic Limit, 1000 psi 

Tension 

Torsion 








‘Room temp 


This alloy 
copper, 20% manganese, 20% 
nickel) can be precipitation hardened 
to give ultimate tensile strengths of 
200,000 to yield 
strength of 170,000 psi and a pro- 
120,000 psi. Its 
conductivity is considera- 
than that of the three 
copper alloys described above, and 
recommended for springs 
current. 
presence of 


Copper-manganese — 


(60% 


225,000 psi, a 
portional limit of 
electrical 
bly lower 


it is not 
that must carry electrical 
Cupro nicke l—The 
nickel in cupro nickel alloys (2.5 to 
30% nickel, balance copper) provides 
a spring material with excellent cor- 
moderately 
Tensile 
tempered 


resistance and 
strength. 
spring 


rosion 
high 
strength of the 


tensile 


Cobalt alloy 


(Elgiloy) 

Good low and high 
temperature properties 

High corrosion resistance 

high 


20° C 


comparatively 
Elgiloy (40% _ cobalt, 
chromium, 15% nickel, 7% 

denum) is a popular spring material 
for specialized applications. In ad- 
dition to being nonmagnetic, the 
alloy is suitable for use at sub-zero 
temperatures and up to 1000 F, 
provided torsional stresses are kept 
under 75,000 psi. At 1000 F, its re- 
laxation or load loss is less than 5% 


Despite its 
cost, 


molyb- 


alloys ranges from 84,000 to 94,000 
psi. Both electrical and thermal con- 
ductivity are fairly low. The cupro 
nickel alloys have good hot working 
their cold working 
from 


properties, and 
properties 
cellent. 
Nickel silver—The composition of 
nickel alloys widely. 
One of the 
alloys 
zine and 18% nickel. Tensile strength 
of this alloy ranges from 135,000 to 
150,000 psi, with a Rockwell hard- 
ness of B95 to B100. The alloy has 
a better appearance than brass and 


range good to ex- 


silver varies 


most common spring 


contains 56% copper, 25% 


is primarily used where a silver- 
white color is required, as in elec- 
trical and optical equipment. The 


in 48 hr. Although it is not normally 
constant modulus 
thermoelastic 


considered as a 
material it has good 
properties up to 600 F. 
Elgiloy springs will deliver slight- 
ly more torque than comparable car- 
bon springs when slightly stressed, 
and as much as 20% more torque 
when subjected to loads approaching 
yield strength. Maximum = spring 
properties and resistance 
are obtained by heat treatment. It is 
spring 


corrosion 


the only corrosion resistant 
material that can be used inter- 
changeably with carbon steel. Fur- 


thermore its. resistance to both 


alloy has good corrosion properties, 
but is not as corrosion resistant as 
some other copper-base spring ma- 
terials. 

Silicon bronze—This alloy (2-3 
silicon, 1% manganese, balance cop- 
per), sometimes called spring bronze, 
used in many applications 
as phosphor bronze. It 
than phosphor 


can be 
just as well 
expensive 
bronze and its mechanical] properties 
are slightly than those of 
Grade A phosphor bronze. Silicon 
bronze has a modulus of 15 x 10 
psi in bending and 5 x 10° psi l 
torsion. It can be obtained in any 
wire size or flat stock thickness from 
0.003 in. up. Stress relief treatment 


is less 


lower 


after forming is similar to that for 
phosphor bronze, since the material 
is cold drawn or rolled in a similar 
manner. 

Typical of the 
aluminum bronzes that can be cold 


a 91 cop- 


Aluminum bronze 


drawn into spring wire is 
per-7 aluminum-1% manganese alloy. 
This alloy has an ultimate tensile 
strength of 150,000 to 160,000 psi 
and can be used as a substitute for 
some of the more popular copper- 


¢ 


base spring alloys. Its modulus of 


elasticity in tension is 16.5 x 10° psi, 
in torsion 6.3 x 10° psi. A 
alloy containing 3.5% aluminum and 
sometimes used 


similar 
1% silicon is also 
for springs. 

Tin brasses—Brass alloys contain- 
ing 85-95% copper, 0.5-2% tin, 
balance zinc can be used as a sub- 
stitute where 
high mechanical 
needed. These spring-grade brasses 
have slightly better properties thar 
ordinary brasses, and they cost the 


for phosphor bronze 
properties are not 


same as other brasses with the same 
zine content. 


atmospheric and chemical corresion 
is superior to that of the best stain- 
less steels. 

Elgiloy has a modulus of elasticity 
a modulus of 
rigidity of about 12.3 x 10° psi at 
room temperature. Tensile strength 
(heat treated) is high—368,000 psi 
—and Rockwell hardness is roughly 
C59. Typical applications for the 
material are fountain pen 
watch springs, small gasoline engine 
valves, and various camera and in- 
strument springs 


of 29.5 x 10° psi and 


nibs, 


See next page for references 
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Nuclear Power Control 


Convincing evidence of silicone insula- 
tion’s inherent resistance to high tem- 
peratures is provided in this account of 
power valves for nuclear reactors from 
Automatic Switch Company, Florham 
Park, New Jersey. 


Asco is the world’s largest manufacturer 
of solenoid valves especially designed for 
use with pressurized water reactors that 
power atomic submarines, surface vessels 
and power plants. The company has more 
than 100 valves now in service. Perfect- 


ing them took countless hours of research 
and testing plus a practical solution to 
some extremely tough environmental de- 
sign problems. 


Exposed to radiation and the severe cor- 
rosive action of hot distilled water, the 
valves must be able to withstand contin- 
uous temperatures as high as 650F and 
pressures up 3,000 psi. Taking no 
chances on performance of the heart of the 
valve, Asco insulated all the coils of its 
nuclear valves and other high temperature 
solenoid valves with Dow Corning sili- 
cone insulation. Cooling fins on the valve 
body help dissipate some of the excessive 
heat. To date these coils have turned in 
an excellent record of performance. 


to 


The success record of the first atomic sub- 
marine underscores the reliability that can 
be achieved with silicone insulation and 
Asco’s control valves. No. 661 
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EYES TO IMPROVE 


CONTROL EFFICIENCY 


A unique pictorial display, designed to 
provide spacial orientation and naviga- 
tional information, has been positively 
demonstrated and flight tested. 

Kaiser Aircraft & Electronics, Palo Alto, 
California, in conjunction with Douglas 
Aircraft Company, Inc., has developed two 
new visualization units to be incorporated 
Designed to 
control, 


within an airplane cockpit. 
allow efficient aircraft 
these displays present information on TV 
tubes which provides the pilot with an arti- 
ficial representation of the real world. This 
is accomplished by indicating, on a screen, 
the horizon and two reference areas repre- 


for more 


senting the ground and the sky. 


Flight tests with this new system in a 
Navy T2V aircraft have been conducted 
successfully by Douglas Aircraft Company, 
Inc. The electronically generated infor- 
mation is displayed Kaiser-Aiken 
transparent cathode-ray tube located in the 
windscreen of the aircraft. This thin trans- 
parent tube enables the pilot to see the 
information on the screen and at the same 


time to look through to the outside view. 


on a 


The power supply, a conventional half- 


wave doubler circuit using a _ step-up 





transformer, provides a continuously vari- 


able voltage from zero to 15,000 volts. 
Kaiser engineers Silastic® RTV, 
the Dow Corning silicone rubber that vul- 
canizes at room temperature, as the potting 
the power supply unit. It 
effectively seals out moisture; retains ex- 


chose 


material for 


strength 
55 to 


ceptional dielectric and dimen- 
sional stability from 250C; and 
provides an easy means of potting. After 
mixing Silastic RTV with its catalyst, the 
mix is simply poured into the assembly, 
placed under vacuum to remove any 
trapped air bubbles, and allowed to vul- 
canize at room temperature. 

Silastic RTV has eliminated the need of 
a troublesome oil bath. Expansion and 
contraction of oil over the wide (Con:. pg. 2) 
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SILICONE 
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LUBRICANT ASSURES ACCURACY 


The more critical the performance re- 
quirements of a new design, the greater 
the reason for specifying nongumming, 
oxidation-resistant lubricants. 
Here, for example, is how Dow Corning 
44 Grease contributes to the accuracy 
of continuous weighing equipment pro- 
duced by Bell Electro-Way Division of 
Streeter-Amet Company. 

The Electro-Way 
weighs material transported over a mov- 
A weighing platform 


silicone 


System automatically 
ing conveyor belt. 
containing a “floating” idler assembly is 
heart of the unit. 
the idler downward. 
weight-rate 


Passing loads de- 
This deflection 


the 
flect 
produces _ electrical signals 
which are continuously 
digitally displayed as pounds and tons. 


integrated and 


Free to move vertically, the idler is re- 
stricted in horizontal movement by three 
which must 
remain in exact all 
Lubrication of the ball bearings is critical 


rod-end bearing assemblies 


alignment at times 


SILASTIC RTV (Continued) 


operating temperature span created a major 
packaging problem. Furthermore, arc- 
overs carbonization of the oil 
which encouraged further breakdowns. 


caused 


deterioration of the lubricant 
the amount of deflection and 
adversely affect What's more, 
climatic conditions that affect most lubri- 
cants vary considerably from one installa- 


any 
alter 


since 
will 
accuracy. 


tion site to another. 

by lubricating the 
ball bearings with a silicone lubricant, 
Dow Corning 44 Grease. This 
grease provides long-lasting, uniform lu- 
bricity to meet most ordinary or severe 
operating conditions, both indoors and 
outdoors. According to Bell Electro-Way 
engineers, “44 Grease gives us depend- 
ability, durability and considerable free- 


Accuracy is assured 


silicone 


dom from maintenance.” 


Serviceable from —40 to 400 F, Dow 
Corning 44 Grease is nongumming, non- 
oxidizing — keeps equipment operating 
efficiently long after organic lubricants 
melt or oxidize. Durability and service- 
ability make 44 Grease ideal for many 
No. 662 


new designs. 





For a convenient means of obtaining an 
effective, heat-stable that remains 
resilient and retains good dielectric prop- 
erties, investigate Silastic RTV. Its unique 
combination of properties helps solve many 
design problems. No. 663 


seal 


new literature 
and technical data 
on silicones 


New Developments In Special Purpose Silicone 
Polymers is the title of a reprint from RUBBER 
AGE. Characteristic properties—heat stability, 
low temperature flexibility, solvent resistance, 
weathering and radiation resistance — are dis- 
cussed. Comparison of phenyl and vinyl com- 
Positions, and tables on solvent resistance and 
low temperature properties of silicone rubber 
add to the value of this reference. No. 664 


A Greaselike Transistor Potting Compound aids 
heat dissipation and protects from shock, vibra- 
tion and moisture. Simply potting transistors with 
this silicone compound helps them give reliable 
service and meet even the most critical perform- 
ance requirements. A six-page pamphlet details 
thermal stability, inertness, dielectric strength, 
and tabulates typical properties. No. 665 


A Comprehensive Two-Part Article from ELEC- 
TRICAL MANUFACTURING on the techniques of 
cooling electronic equipment has been reprinted 
in a single, nineteen-page booklet. The first 
section contains methods and techniques of tem- 
perature measurement control, the second article 
shows practical methods for cooling specific elec- 
tronic parts and systems. The text is well illus- 
trated with charts, tables and sketches. No. 666 


e 


Designs on the Moon. Created specifically to 
meet the informational needs of rocket and mis- 
sile designers, an 
illustrated brochure a 
describes the finest i 

in silicone materials 

— rigid, rubbery, 

fluid and dielectric. 
Whether you’re con- 

cerned with nose 
cones, guidance 
frames, propulsion, 

or ground supports, 

your most rapid 
progress toward min- 
iaturization, weight 
reduction, and reliable performance may result 
from specifying silicone products. No. 667 


* 


Syl-off Lets Go. Syl-off, Dow Corning silicone 
anti-adhesive coatings for paper and paper- 
board, provide engineers with a new design 
tool—controlled release. Lightweight, permanent, 
noncontaminating, nonmigrating Syl-off provides 
a nonoily slip surface that gives quick, easy 
release, avoids scratching and marring, reduces 
waste time and costs, and helps eliminate scrap. 
Paper and paperboard with Syl-off coatings war- 
rant consideration as tools that may help solve 
design problems. No. 668 
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ABS Resins and Methylistyrenes—Molded, Extruded 


af 
Se Meee. 





ABS Resins 


Medium-High Extra-High Low Temp 
Impacts Impact impact 


Methylstyrene® 


Polymethyl- 
styrene 


| Methylstyrene- 


Acrylonitrile 





PHYSICAL PROPERTIES 
Specific Gravity , 
Ther Cond, Btu/hr/sq ft/°F /ft.. 
Coef of Ther Exp, 10-* per °F 
Spec Ht, Btu/Ib/°F 
Refractive Index 
Transmittance (luminous), %.... 
Water Absorption (24 hr), %... 
Flammability, ipm 


MECHANICAL PROPERTIES 
Mod of Elast in Tension, 105 psi 
Ten Str, 1000 psi 
Elong (in 2 in.), % 
Hardness (Rockwell) 
Impact Str (Izod), ft-lb/in. notch 
Mod of Elast in Flex, 10° psi 
Flex Str, 1000 psi 
Comer Str, 1000 psi 





ELECTRICAL PROPERTIES 
Vol Res, ohm-cm 
Dielec Str (short time), v/mil 
Dielec Const 
_.. . Seer 
10® Cycles 
Dissip Factor 
60 Cycles 
10® Cycles 
FABRICATING PROPERTIES 
Bulk Factor........... 
Compression Molding 
Pressure, 1000 psi 
Temperature, F. 
Injection Molding 
Pressure, 1000 psi........... 
Temperature, F 
Mold Shrinkage, in./in. 
HEAT RESISTANCE 
Max Rec Svc Temp, F. 
Heat Dist Temp (264 psi), F 





CHEMICAL RESISTANCE 








1.04-1.06 1.01-1.06 1.02 

0.C8-0.12 0.08-0.12 0.08-0.12 
4.7 4.7-5.6 4.7-5.6 

0.35-0.38 0.35-0.38 0.35-0.38 


2.6-2.9 
4.5-8.5 
5-100 
R85-118 
0.5-6.0 
37-45 
7.5-11.0 





>8 x 10! 1.8 x 10" 8.2-0.5 x 10 
350-416 312 340-416 


2.7-4 |  -2.7-4.76 2.7-4.0 
2.8-3. | 3.78 | 2.841 


0.009-0.015 0.021 0.01 
0.017-0.026 


1.01-1.03 


1.581 
Transparent 
0.05 





2.6-5000 x 10" 
890-1950 


2.48 





2.25-2.27 2.27 


>1 >1 >1 
325-375 325-375 325-375 


6-30 6-30 6-30 
350-600 375-600 350-600 
0.001-0.010 0.001-0.010 0.C01-0.010 








1-8 
300-375 


10-30 
400-550 
0.0046 


1.06 


1.559 
Transparent 
0.31 
Slow 


9.3 
2.5 


4.6 
16 


2.65 x 10" 
610 


2.81 


1-8 
300-375 


10-30 
400-550 
0.0035 





185-215 | 185 | 175-185 


Highly resistant to aqueous acids, alkalis, salts. ‘Resist- 


ant to concentrated phosphoric and hydrochloric acids, 
alcohols, and animal, vegetable and mineral oils. Dis- 
integrated by concentrated sulfuric and nitric acids. Sol- 
uble in esters, ketones, ethylene dichloride 


Pipe, appliance housings and whesle, protective sports- 
wear, housewares, howitzer cartridges 


210 
213-216 
| Same as polysty- 
renes 


‘Radio cabinets, 
| housewares and 
household utility 
parts, refrigera- 
tor parts, dec- 
orative lighting, 
| packaging, elec- 
| tronic compo- 
nents 








212 
215 


| Resists aliphatic 


hydrocarbons, 
gasoline, essen- 
tial oils, vege- 
table and mineral 
oils 

Same as poly- 
methylstyrene. 
Also metering 
sight glasses, fan 
blades, combs, 
automotive in- 
terior parts, ma- 
Chine housings 





* Range covers values obtainable in both Medium and High Impact grades 


> Recently withdrawn from commercial! production 
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For aluminum 


that’s just right 


for your product ves 


Home 
cleaning equipment 


Office furniture 


check with ANACONDA ALUMINUM 


What is aluminum that’s “‘just right’”’ for your product? 

It’s aluminum carefully produced to your exacting specifications and shipped on 
schedule. And that’s Anaconda Aluminum— aluminum in virtually any form, all custom- 
produced to insure that you’re a satisfied customer. 

Our custom production policy is made possible by the flexibility designed into all 
Anaconda Aluminum’s modern plant facilities. Your order is scheduled promptly. And, 
from the moment it’s written until it’s shipped, your order gets the personalized attention 
of aluminum experts at every stage—another important part of this basic policy of 
making sure your aluminum is exactly right. 

To fully meet your requirements, Anaconda Aluminum combines this small-shop 
personality with the facilities to supply you aluminum in many forms— pig and ingot, 
coiled and flat sheet, rod, bar, structurals, tubing and other extruded shapes. 

What you want, when you want it — that’s the kind of service 
we offer aluminum buyers. To get it, call your local Anaconda 
Aluminum representative, or write our General Offices, Dept. 

D-8, Louisville 1, Kentucky. 


Every industry has one member 
who specializes in customer satisfaction 


ANACONDA ALUMINUM COMPANY + GENERAL OFFICES, LOUISVILLE, KENTUCKY 


For more information, turn to Reader Service card, circle No. 367 
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Titanium Tubing Has Good Strength, Fabricability 


TENSILE PROPERTIES OF 3 Ai-2.5 V 
TITANIUM TUBING 





| 
Yid Str, | Elong 
Ten Str, | (0.2%), | (2 in.), 
1000 psi 1000 psi} % 


Condition } 





COLD DRAWN 

(rm temp) 
Annealed... . 109 
Half-Hard..... 126 
Full-Hard 137 


HEAT TREATED* 

132 ll 

96 8 

89 ll 

59 | 36 
sHeld % hr at 1700 F, water quenched; 6 hr 
at 900 F, air cooled. 








COMPOSITION OF TITANIUM ALLOY (%) 





Aluminum. .... 
Vanadium 
ee 


Nitrogen........ 
Hydrogen 





@ A new titanium tubing alloy, 
said to have tensile strength 
approaching that of stainless 
steel, but the workability of un- 
alloyed titanium, has been devel- 
oped by Superior Tube Co., 
Norristown, Pa. 

The new alloy, called 3 AlI-2.5 
V titanium alloy (see composition 
table), was developed to “fill a 
need for a material that was as 
strong as stainless steel yet duc- 
tile enough to be cold drawn into 
small tubing.” According to Super- 
ior, previously availabie alloys 
lacked sufficient ductility for cold 
working. The new alloy is said 
to be so ductile that it can be 
cold flared up to 35%. 

Good yield strength 

Annealed tubing made from the 
new alloy has a yield strength of 
85,600 psi, as compared to 40,000 
psi for unalloyed titanium tubing 
and 304 stainless steel tubing. In 
the full-hard drawn condition, 
the tubing has a yield strength 
of 118,000 psi, as compared to 
85,000 for unalloyed titanium 


tubing and 140,000 for full-hard 
304 stainless. 

Fatigue properties of the new 
alloy are also said to be good. 
Annealed unnotched bar stock, 
for example, has an endurance 
strength of 45,000 psi when sub- 
jected to 100,000,000 cycles at 
room temperature. 

According to Superior, the new 
tubing can be obtained in the 
ductile, annealed condition (for 
easy fabrication) and then heat 
treated for high strength. The 
company guarantees a minimum 
heat-treated yield strength of 
100,000 psi and a minimum ten- 
sile strength of 75,000 psi. Typi- 
cal room and elevated tempera- 
ture tensile properties are given 
in the accompanying table. 

The tubing, available from 
0.012 to 1.125 in. o.d., is recom- 
mended for aircraft and missile 
parts requiring an _ increased 
strength-weight ratio, and _ in 
process equipment where high 
strength, as well as corrosion 
resistance, is required, 





Here 1s the first report on 


Properties of Ethylene-Propylene 


@ Technical data are now avail- 
able on a relatively new synthetic 
rubber. The new rubber—a copol- 
ymer of propylene and ethylene 
—was actually introduced a little 
over a year ago (see M/DE, July 


58, p 4) but has not been avail- 
able until now. According to 
Montecatini, Co., Milan, Italy, the 
material is available on a semi- 
commercial basis from Chemore 
Corp., 21 West St., New York 6. 


Copolymer 


Properties 

The new material, called C 23, 
is described as a very-high-molec- 
ular-weight copolymer with low 
specific gravity (0.85). It can be 
processed on standard equipment 
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and can be easily mixed with 
standard fillers. According to 
Montecatini, the rubber’s low spe- 
cific gravity reduces the cost of 
finished products because it pro- 
vides more product per unit 
weight. 

The mechanical properties of 
the new ethylene-propylene copoly- 
mer are similar to those of 
natural (NR) and butadiene sty- 
rene (SBR) rubbers. In addition, 
the material has good low tem- 
perature properties, good electric- 
al insulating characteristics and 
good wear resistance. It is also 
said to have excellent resistance 
to outdoor aging, sunlight, ozone, 
heat, acids, alkalis and hydraulic 
fluids, and, except for flame re- 
sistance, compares favorably with 
Hypalon rubber (see table). 

How it’s made 

The ethylene-propylene copoly- 
mer is made by polymerizing al- 
pha-olefin polymers with stereo- 
specific catalysts developed by 
Professor Guilio Natta of Milan 
Polytechnic Institute. Alpha-olefin 
polymers have a sterically regular 
structure within the macromole- 
cule. Their main linear head-to- 
tail chains contain long sequences 
of tertiary carbon atoms with the 


RESISTANCE TO 
VARIOUS ENVIRONMENTS 





Environment C 23 | Hypalon | 





Outdoor Aging 

Sunlight 

Ozone 

Heat 

Flam2 

Alkalis 

Acids 

Solvents 
Aliphatic Hyd. . 
Aromatic Hyd vP vP 
Chior Solvents vP vP 

Hydraulic Fluids E E E 








aE = excellent, VG — very good, G = good, 
A= average, P = poor, VP = very poor. 


same steric configuration. The 
stereospecific catalysts selectively 
direct polymerization toward the 
production of isotactic, high 
molecular weight materials. 

Development of this copolymer 
is the second major commercial 
result of Professor Natta’s work 
on directed catalysis. The first 
was the discovery of isotactic 
polypropylene plastic (see M/DE, 
Jan ’58, p 110). 

According to Montecatini, the 
new synthetic rubber is expected 


to be competitive with natural 


Improved Metallic Coatings 
by Vacuum, Vapor Plating 


@ Two new advances have been 
made in the fight against corro- 
sion: 1) a new process for vac- 
uum metallizing a relatively thick 
skin of aluminum on steel and 
other metals, and 2) an improved 
vapor plating process for deposit- 
ing chromium, molybdenum and 
tungsten on metallic and non- 
metallic shapes. 
New metallizing process 

Thick aluminum coatings—The 
new aluminum vacuum metalliz- 
ing process, developed by Nation- 
al Research Corp., Cambridge, 
Mass., is similar to the vacuum 
metallizing technique now used 
to put a bright (but merely dec- 
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orative) finish on mirrors, plastic 
toys, etc. In vacuum metallizing, 
aluminum is “boiled” in a vacuum 
and the aluminum vapor con- 
densed on the part to be coated. 
Until now, this technique has 
only produced coatings a little 
more than one-millionth of an 
inch thick. According to NRC, the 
new method produces a pure alu- 
minum coating up to 0.004 in. 
thick. The coating is tightly ad- 
herent, ductile and nonporous; 
easily anodized and dyed; and 
equally successful on such diverse 
metals as high tensile and mild 
steels, aluminum die castings and 
forgings, cast iron, titanium and 


ENGINEERING 


PROPERTIES OF RUBBERS COMPARED 





Property C23 | Natural SBR 





PHYSICAL 
PROPERTIES 
Spec Grav 
Spec Ht, 
Btu/Ib/°F 
Ther Cond, 
Btu/hr/ 
sq ft/°F/ft 
Coef of Ther | 
Exp, per°F.} 10-* (0.93x10 ‘ 10-4 
MECHANICAL 
PROPERTIES* 
Ten Str, psi 
Elong, %.. 
Hardness 
(Shore A) 60-65 
ELECTRICAL | 
PROPERTIES 
Vol Res, 
ohm-cm. 10° | 
Dielec Str, 
v/mil 700 =| «#500 
Dielec Const, 
(1 kc) 2.2 2.6 


3600-4000 4100-4400|3700-3900 
450-500 | 550-600 | 400-450 


6 | 6 


10s | 








Reinforced with 50 parts carbon black. 


and other synthetic rubbers. Po- 
tential uses for the rubber include 
tires, conveyor belts, gaskets, 
packings and other mechanical 
goods. 


magnesium. 

Applications — Although the 
new coating process is still in the 
pilot plant and developmental 
stage, NRC feels that it will ulti- 
mately find application in the 
automotive, aircraft and appliance 
industries. In the automotive in- 
dustry, the thick aluminum coat- 
ing could be used 1) as an alter- 
native to dipping body sheet 
steel in molten aluminum; 2) to 
provide corrosion protection for 
aluminum die castings and forg- 
ings; and 3) as a protective coat- 
ing for inexpensive stamped or 
pressed steel parts. Because the 
thick aluminum coating provides 
better protection at about the 
same cost, it might also replace 
chromium plating for bumpers 
and trim. 

In the aircraft industry, the 
thick aluminum coating could 





Whiila btu 


prove valuable for protection of 
high strength steel fasteners, fit- 
tings and _ structural members 
against corrosion from atmos- 
pheric attack, fuels, grease, oils, 
salt spray, etc. These parts are 
currently protected by either plat- 
ing or dipping in molten alumi- 
num. Both of these present 
methods have drawbacks: electro- 
plating tends to cause hydrogen 
embrittlement, and aluminum dip- 
ping causes loss of tensile strength 
(as a result of the high tempera- 
tures) and the formation of a 
brittle iron-aluminum alloy. 

The process—Thus far, no de- 
tails have been revealed on how 
NRC achieves the thick aluminum 
coatings. The only information 
available is that “licensing ar- 
rangements are being discussed 
with a number of leading com- 
panies in several fields.” 
Improved vapor plating 

Development of improved chem- 
ical compounds of chromium, 
molybdenum and tungsten, as well 
as some undisclosed modifications 
in technique, have resulted in 
what is said to be a substantial 
improvement in the traditional 
vapor plating (gas plating) pro- 
cess. 

According to Alloyd Research 
Corp., 202 Arsenal St., Water- 
town, Mass., the improved process 
is basically the same as the con- 
ventional one—chemical reaction 
(either reduction or decomposi- 
tion) of a volatile compound of 
chromium, molybdenum or tung- 
sten at a heated surface. How- 
ever, superior coatings depend 
upon several factors: tempera- 
ture, flow rate of the gas stream, 
pressure, precleaning, and com- 
pound concentration. In fact, con- 
ditions are so critical that a 
slight change in a process variable 
can result in a metal powder, a 
dendritic structure, or a porous 
and nonadherent coating. Accord- 


Chromium and molybdenum coatings are applied to inner surfaces of 


copper tubing. 


Metallizing chamber for producing thick aluminum coatings. 


ing to Alloyd, the new process 
maintains strict control over these 
variables. 

Advantages — Alloyd says the 
improved vapor plating process 
offers several advantages over 
chromium electroplating: coatings 
are nonporous, they are ductile, 
and they are not subject to hydro- 
gen embrittlement. Other charac- 
teristics: 1) coatings are depos- 
ited with uniform thickness; 2) 
they can be used at temperatures 
well over 300 F; 3) they can be 
used on metals as well as such 
nonmetallics as glass, ceramics 
and graphite; and 4) they can be 
used on complex shapes such as 
the insides of tubes (see accom- 
panying photo). 

Results of two tests were cited 
as proof of the superior quality 
of the coatings: 


1. Chromium coatings up to 
0.005 in. thick on copper and steel 
showed no signs of cracking, 
spalling or flaking after extensive 
deformation in qualitative bend 
tests. 

2. Chromium-coated copper 
showed no signs of corrosion 
after being immersed 64 hr in 
20% nitric acid. 

Applications — Vapor plated 
chromium, used as a protective 
cladding against corrosion, may 
provide a low cost substitute for 
stainless steel in valves, tubing 
and other equipment used in the 
chemical, dairy and food indus- 
tries. Another potential applica- 
tion is the use of vapor plated 
high purity, high density tung- 
sten to prevent contaminants in 
the base metals of certain elec- 
tronic components from adverse- 
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ly affecting electronic emission 
characteristics. The use of heavy 
coatings of molybdenum and tung- 
sten on graphite for missiles and 


rocket 
bility. 

Although Alloyd 
negotiate with various companies 


nozzles 


is another possi- 


in the automotive and aircraft in- 


dustries, it points out that the 


is ready to 


process 
mental stage. 


is still in the develop- 
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Three Magnesium Alloys for High Temperatures 


TENSILE PROPERTIES OF HM11XA CASTINGS 


@ Three new magnesium alloys 
have been developed for elevated 
temperature service. One of the 
alloys, developed by Dow Chemi- 
cal Co., Midland, Mich., is said to 
be the first die casting alloy suit- 
able for service above 500 F. The 
second, also Dow’s, is said to have 
excellent tensile strength at tem- 
peratures above 600 F. And the 
third, developed by Magnesium 
Elektron Inc., 630 5th Ave., New 
York 20, is said to have the high- 
est yield strength of any cast 
magnesium alloy. 
Dow’s alloys 
HM11XA — This die casting 
alloy, a member of the magne- 
sium-thorium group  (composi- 
tion: 1% thorium, 1% manga- 
nese), is said to have a tensile 
(continued on p 186) 


MECHANICAL PROPERTIES OF EK31XA 
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MORE WHAT’S NEW IN MATERIALS 


Steel strip rolled 
from powder 


Forging superalloys 


Rubber-coated fibre 
makes tough gasket ... 152 
Glass peening cleans 
metals without damage 154 


PVA synthetic fibers..... 154 


Glass-rubber tape 
heats without wires ... 156 
Straight brass rod 


for screw machines .... 156 


Color of plastics is 


accurately controlled .. 158 


Magnesia ceramic 
withstands 4300 F 


Phosphorescent paints 
are self-luminous 


Columbium alloys strong 
at 2000 F 


Nickel-base alloy resists 
fluoride salts 


New silane improves 
plastics laminates 


3200 F refractory handles 
like plastic 


Ductile iron 


Other news 





BETTER IN MORE WAYS 
THAN ANY OTHER PLASTIC! 


. 


¥COLAC 


THE Touch, HARD ABS puastic 
from BORG-WARNER 


CYCOLAC OFFERS Cycolac offers you advantages that cannot be equaled 


ALL OF THESE today! Its quality and performance far out-ranges the 
field. Does your product demand rigidity? Investigate 
ADVANTAGES! the wall thickness required by other plastics—then 


compare Cycolac. Must it withstand shock, abuse, 

* Superior Impact Strength—even at rugged use? Do you need sparkling colors and hard 
Low Temperatures glossy surface—corrosion resistance and less overall 
Rigidity — even at High Tempera- weight? Cycolac combines a// of these properties—and 
tures more! Before you start a new product or make a 
Hard, Glossy Surface design change, look into Cycolac. 

Corrosion, Stain Resistance 
Wide Range of Colors CYCOLAC... the NEW dimension in design 
Good Electrical Properties ... the NEW element in production! 
Dimensional Stability 
Outstanding Performance 


Write for complete technical information! 








oneal 
PACESETTER IN 





DIVISION of BORG-WARNER 
b WASHINGTON, W. VA. 
Ma a Oe) 4] also represented by: 
CHEMICAL WEST COAST: Harwick Standard Chemical Co., Los Angeles, Cal. 
CANADA: Dillons Chemical Co. Ltd., Montreal & Toronto 


SYNTHETIC RESINS EXPORT: British Anchor Chemical Corp., New York 


For more information, turn to Reader Service card, circle No. 492 
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No. 4 of a series 


Eastman 910 Adhesive 
solves another 


production bottleneck 


The L. G. Balfour Company, of Attle- 
boro, Mass., manufactures trophies, 
award placques and fraternal jewelry. 

Methods of assembling a wide vari- 
ety of materials quickly and simply are 
of prime concern in the manufacture of 
such products. 

Balfour has found an answer in 
quick-setting, high-strength Eastman 
910 Adhesive. 

With this new adhesive, Balfour ob- 
tains virtually instantaneous bonds... 
eliminates soldering on many items... 
cuts up to 15 hours’ processing time to 
speed delivery of rush orders. 

As for strength, a medallion secured 
to an onyx base with one drop of ad- 
hesive could not be removed without 
pulling away some of the onyx itself. 

Eastman 910 Adhesive is making 
possible faster, more economical as- 
sembly-line operations and new design 
approaches for many products. It is 
ideal where extreme speed of setting is 
important, or where design require- 
ments involve joining small surfaces, 
complex mechanical fasteners or heat- 
sensitive elements. 

Eastman 910 Adhesive is simple to 
use. No mixing, heat or pressure is re- 
quired. Upon spreading into a thin film 
between two surfaces, setting begins 
immediately. With most materials, 
strong bonds are made in minutes. 

What production or design problem 
can this unique adhesive solve for you? 


Bonds Almost Instantly 
... Without Heat, 
Pressure or Catalyst 


For a trial quantity (%-ounce) send five 
dollars to Armstrong Cork Company, In- 
dustrial Adhesives Division, 9108 Dunbar 
Street, Lancaster, Pa., or to Eastman 
Chemical Products, Inc., Chemicals Divi- 
sion, Dept. E-8, Kingsport, Tenn. 


For more information, circle No. 372 





strength of 7800 psi at 800 F and 
is presently being evaluated for mis- 
sile and aircraft applications. Tensile 
properties of die cast HM11XA at 
room and elevated temperature are 
given in the accompanying table. 

In addition to elevated tempera- 
ture strength, Dow lists the follow- 
ing advantages: 1) good damping 
capacity (superior to conventional 
aluminum and magnesium-base die 
casting alloys); 2) good thermal 
conductivity (equivalent to conven- 
tional aluminum-base die casting 
alloys and superior to AZ91, the 
standard magnesium die casting 
alloy); 3) ease of die casting with 
standard equipment; 4) higher mod- 
ulus of elasticity at elevated tem- 
perature than AZ91; and 5) ability 
to be finished with nearly all cur- 
rently used finishes. 

According to Dow, cost of HM- 
11XA die castings is “higher than 
that of AZ91 castings.” 

EK31XA—This new magnesium- 
rare earth sand casting alloy (com- 
position: 3.2% didymium, 0.6% zir- 
conium) was developed for missile 
and rocket applications, and is said 
to combine good room temperature 


tensile properties with excellent ten- 
sile strength at temperatures up to 
600 F. In addition, sand castings are 
said to exhibit excellent creep re- 
sistance at 600 F for times up to 
10 hr. At temperatures up to about 
450 F, sand castings exhibit good 
creep strength for 1000 hr. 

Typical and guaranteed tensile 
properties are given in an accom- 
panying table. 

Magnesium Elektron’s alloy 

MSR alloy (ASTM QE22-T6) is 
described as a fully heat treatable 
alloy “based on the magnesium-rare 
earth-silver-zirconium system.” Com- 
position is 2.5% silver, 2.0% frac- 
tionated rare earth metals and 0.7% 
zirconium. 

According to Magnesium Elektron, 
the alloy has the highest yield 
strength from 0 to 500 F of any 
cast magnesium alloy (see accom- 
panying graph). Other characteris- 
tics claimed for the new alloy in- 
clude: 1) adequate tensile strength 
and ductility at room temperature; 
2) good tensile properties at ele- 
vated temperatures (see accompany- 
ing graph); 38) good short-time 
creep properties (at 400 F, QE22 
is said to have higher short-time 
creep strength than any other mag- 
nesium casting alloy) ; 4) good long- 
time creep properties (equivalent to 
EZ33A); 5) good fatigue proper- 
ties (better than any other magne- 
sium casting alloy); 6) stability at 
elevated temperatures; 7) resistance 
to stress corrosion; 8) ease of cast- 
ing; and 9) ease of welding. 


Steel Strip Rolled from Powder 


Pour iron powder into a hopper at 
at one end—coil up steel strip at 
the other end. This is the kind of 
continuous strip mill that Republic 
Steel Corp. expects to have in five 
to six years. 

As announced last month (M/DE, 
July ’59, p 3), 2-in. strip is now being 
rolled in Republic’s new Research 
Center. As of mid-June, about 1800 
lb of strip had been produced, The 
company says it will soon be ready 
to set up a pilot plant to produce 
wider strip (about 12 in.) and to 
solve many of the problems that will 
arise in commercial production of 
strip 48 or 50 in. wide. 

New strip similar 
to conventional material 

At present, Republic is concentrat- 
ing on low carbon steel strip (0.05- 
0.10% C), which is the backbone of 
the sheet and strip business. But the 


136 « MATERIALS IN DESIGN ENGINEERING 


process is adaptable to higher carbon 
and alloy steels as well. 

According to Peter Robertson, Re- 
public’s vice president for research 
and planning, the new strip has the 
same metallurgical structure as con- 
ventional strip. Photomicrographs 
that have been displayed bear out 
this contention. 

As for mechanical properties, Rob- 
ertson says the strip meets the 
“standard property specifications” 
for steel of the same carbon content. 
More important, perhaps, is the fact 
that the strip passes a stringent 
formability test (similar to a GM 
test), indicating its suitability for 
stampings (see photo on p 138). 
Main advantage 
is lower capital cost 

Although the process should re- 
quire less than 60% of the capital 
investment needed for conventional 








“washing machine” 
makes ©ClLJZ AVN 


stainless steel 


More often than not, titanium-bearing stain- 
less can hike your fabrication costs . . . due 
to subsurface stringers or banding that 
cause excessive scrapping of parts. At 
Eastern, however, these harmful inclusions 
come out in the ‘‘wash.”’ 


EKastern’s exclusive slag wash melting 
process produces the cleanest titanium- 
bearing stainless you can buy... excep- 
tionally free from non-metallic contami- 
nants...and at no extra cost. Eastern’s 
new high-capacity slag furnace will meet in- 
dustry’s growing demand for such titanium- 
bearing steels as 321SW, 19-9DL, A-286, 
19-9DX. Which do you need—and how fast? 


EASTERN 


STAINLESS STEEL 


Baltimore 3, Maryland, U.S.A. 


For more information, turn to Reader Service card, circle No. 410 
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Bunting makes the 
“almost impossible” 


The photograph shows a sintered bronze bearing used in an exceed- 
ingly popular home laundry drier. It offers several unusual features, 
some of which you may find useful in designs you are considering as 
sintered parts. In the first place because the splines on the O.D. of the 
bearing abut the back of the bearing flange, this is a part which would 
be almost impossible to produce by machining but can readily be 
produced by powder metallurgy. 

Second, the splines do not extend the full length of the bearing but 
the density of the splines must be the same as the remainder of the 
bearing. This requires intricate and unusual tooling and understand- 
ing of the problem which is one of the reasons why this manufacturer 
put his design in the hands of Bunting. 

For the unusual, as well as the usual, in bearings, bushings, bars and 
special parts of cast bronze, sintered metals or Alcoa aluminum, see 
Bunting first. 


BUNTING SALES ENGINEERS in the field and a fully staffed Product 
Engineering Department are at your command without cost or obligation 
for research or aiding in specification of bearings or parts made of cast 
bronze or sintered metals for special or unusual applications. 


.. 20h 0r wile for your Copy of 


Bunting's “Engineering Handbook on Powder Metallurgy” 
and Catalog No. 58 listing 2227 sizes of completely finished 
cast bronze and sintered oil-filled bronze bearings 
available from stock. 


The Bunting Brass and Bronze Company 
Toledo 1, Ohio EVergreen 2-3451 Branches in Principal Cities 


Bunting 


BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF 
CAST BRONZE OR SINTERED METALS. ALCOA® ALUMINUM BARS 


For more information, turn to Reader Service card, circle No. 415 
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Formability of experimental steel 
strip is indicated by stamped piece 
at left. Portion of green strip is 
shown at right. 


strip, and operating costs should be 
at least competitive with present 
costs, no reduction in the cost of 
strip should be anticipated by users. 
As is the case with other new steel- 
making processes now being explored 
or used, the main impetus behind 
the new process is the desire to re- 
duce the amount of capital invest- 
ment needed for plant expansion. 
Such costs have undergone tremen- 
dous increases—on the order of four 
or five fold—in the past 20 years. 

Rolling from powder is only one 
of many approaches to reducing the 
capital cost of steel expansion. Up 
to now major attention has been 
focused on the oxygen conversion 
process, already widely accepted. The 
powder process—by-passing the melt- 
ing step completely—presents the 
most radical departure from conven- 
tional steelmaking processes. There 
is no need for coke ovens, blast 
furnaces, open hearths, soaking pits 
or blooming mills. 


Preview of 
the Republic process 

The continuous process planned by 
Republic will consist essentially of 
the following steps: 

1. Iron ore is highly purified and 
reduced to metallic iron powder. Car- 
bon content is adjusted to the desired 
level. 

2. The powder is funneled be- 
tween two rolls where it is com- 
pressed into a “green” strip having 
enough strength to keep it intact un- 
til the next processing steps. Edges 


Considerable help was provided by Henry 
H. Hausner, Consultant, New York City, 
who was instrumental in arousing interest 
in the process in this country and who 
made available his personal files. Also very 
helpful were D. K. Pickens, Earle C. Smith, 
A. I, Nussbaum, of Loma Machine Mfg. Co., 
and Arthur Folken, of Stanat Mfg. Co. 


For more information, circle No. 450 > 
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sa 80,000 Ib./sq. in. 


D 128,000 20 23 225hrs. 
100,000 12 15 23hrs. 




















JET ENGINE TURBINE SHAFT — MATERIAL: WASPALLOY 
Reproducible Properties 


TS. YS. EL. RA. SR. 
02% 1350° F. 
70,000 Ib./sq. in 


196,200 131,700 23 32 /7ihrs. 
Spec. 160,000 90,000 15 18 23hrs. 


IN METALLURGICAL 
PROPERTIES FROM 
EXOTIC METALS 


engine components made from 
forgings have hit a new 

\high in forming and in metallurgical] 
efinements, developing not only 
oom temperature properties 20% 
/over, specifications but, more im- 


/ poytantly, producing these same 


oyer-specification values at elevated 
emperatures. 


With our special forging techniques, 
one heat and one push produce 
uniform properties from surface to 
center, and from hub end to flange 
end. Even in high density alloys, 
interesting economy is effected. 
Favorable billet to finished f 

weight ratio means less-of the expen- 
sive material is ps¢d in each opera- 
tion. Becaus¢ of improved grain 
structure apd close controls through- 
out the £ntire process, machining 


qualities/are excellent. 7~ 


j/ f 
J 





All this, of course, Biyey our \ 
mate a better componert/ fune- ) 
tionally and economi¢ally. Check the / 
accompanying comparison \Of the Z// 
specifiction values and obtained =~ 
values on\the two jet turbinerotating 
components shown—let us show=you= 
what we cak\do with your problem 
forgings — just NCALL, WRITE, or 
COME BY | 





tRON WORKS, INC. 


SPECIAL PRODUCTS DEPARTMENT 
P. O. Box 1212, Houston, Texas 


corrosion of the strip are formed simultane- 
resistant ously by two additional disk rolls. 
3. The green strip passes through 


a furnace where it is sintered at 
2000 F or higher (as high as 2200 F) 
in a reducing atmosphere. 
4. The sintered strip passes 
through a hot strip rolling stand 
} } where it is reduced to about 95% 
of theoretical density. Because of 
the large surface area provided by 
heat VY) the grains of powder, Republic en- 
: gineers say it will probably be neces- 
resistant sary to use a protective atmosphere 
through this stage of the process. 


5. The strip passes through two 
: more hot rolling stands and is coiled. 
The first of these stands compacts 
the strip to virtually 100% of theo- 
retical density; the second reduces 
, it to the desired gage. 
abrasion 6. These hot rolled coils—identi- 
; cal with conventionally produced 
resistant ones, it is claimed—then go through 
the usual operations of pickling, cold 
rolling and annealing before being 
re-coiled or cut into sheets. 





Some key problems— 
and some solutions 

This bare outline, as sketched by 
Republic, gives little indication of 
accuracy some of the complex decisions still 

. . to be made. Further discussion with 
superior finish Earle C. Smith, Republic’s director 
ve of research, indicates that: 
cut machining 1. Much work remains to be done 
on mill design — particularly roll 
low cost bearing design—before a continuous 
pilot plant will be built. 

2. The method of introducing car- 
bon is not yet set. The various alter- 
natives include controlled reduction 
with carbon monoxide, and controlled 





We are equipped to help you pick the 
right alloy for planned service 
conditions...We are equipped to help 
you design your part to take 
advantage of the possibilities of shell 
molding...We are equipped to 
manufacture high alloy, shell molded 
parts to your specifications in 
quantity and on time! 


We suggest you check on shell molding 
for your high alloy casting 
requirements. Write us today for 
additional information. 


URALOY py By 
OFFICE AND PLANT: Scottdale, Pa. ag eee ‘ 
EASTERN OFFICE. 12 East 4)st Street, New York 17, W. Y. Powder is funneled to a set of 


ATLANTA OFFICE: 76—4th Street, WLW. Sahl 
CHICAGO OFFICE: 332 South Michigan Avenve four rolls. Compacted strip is then 


DETROIT OFFICE: 23906 Weedword Avenve, Pleasent Ridge, Mich. | sintered and hot rolled. 


hea A 


For more information, turn to Reader Service card, circle No. 409 


140 « MATERIALS IN DESIGN ENGINEERING 








-—s~ 


HYPALON INLET TUBING | 
Qe) | 
0° O/ dilution =. 
ee 8 } YI 


HYPALON 
“S"-SHAPED 


























outer tub 


| 
| 
| 
! 
| 
| 
| 
| 
| 
| 
J 


iD clicealinatianntinntnenteentnetnmmtamtanntaetantamth 


MAYTAG TIMED BLEACH INJECTOR. Concentrated chlorine- 
type bleach is poured through the bleach port into the dilution 
reservoir. Here it is diluted four times by water from the tub. 
Diluted bleach is metered to the pump, and then delivered to 
the washer’s outer tub. Within four minutes after the wash 
cycle begins, bleach reaches optimum concentration inthetub. 








Maytag finds HYPALON’ immune 
to chlorine bleach at 158 F. 


Maytag had a good idea for their All-Fabric automatic 
washer. Why not design a timed bleach injector to auto- 
matically dilute and meter liquid bleach into the wash 
water? Then the housewife would have to add bleach only 
once... When she loaded the machine. Bleaching would 
be safe for fabrics, and wouldn't destroy the optical bright- 


eners in detergents. 


But there was a problem. To do this, they'd need flexible 
hose and tubing that could safely handle chlorine-type 
liquid bleaches. Maytag engineers tested hoses of several 
materials in 544% hypochlorite solution at 158° F. All 
hoses except one suffered damage within 24 hours. The 


REG. u. 5. pat. OFF. 


puSten 3 


exception: a hose made of Hypaton, a Du Pont synthetic 
rubber. It remained unharmed even after a week’s testing. 


HYPALON was the solution—just as it has been for 
numerous other appliance design problems. For example, 
drain hose coated with HyPALon has proved to be color 
stable and impervious to ozone. On hermetically sealed 
compressors, HyPALON jacketing for lead-in wire has re- 
To see how HYPALON can 


serve you, just write for a copy of our booklet outlining 


sisted temperatures to 350° F. 


properties and performance. E. I. du Pont de Nemours & 
Co. (Inc.), Elastomer Chemicals Dept. MM-8, Wilmington 


98. Delaware. 


NEOPRENE 
HYPALON® 
VITON® 
ADIPRENE® 


Better Things for Better Living . . . through Chemistry 


For more information, turn to Reader Service card, circle No. 440 
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Available Now!! 
Reprints of 


MATERIALS IN DESIGN ENGINEERING 
MANUALS 


Because of the great demand for the well-known Manuals that are 
widely used for reference purposes, MATERIALS IN DESIGN 
ENGINEERING Manuals have been reprinted for your use. These 
oustanding 16- to 32-page articles provide you with complete and 
useful information on the properties, characteristics and uses of 
engineering materials and finishes. 

The price is right! Only 35¢ for each reprint; 40¢ if shipped to 
foreign countries. On quantity orders, discounts are offered. To 
obtain your copies, indicate in the handy coupon below the Manuals 
you want. FOREIGN ORDERS MUST BE ACCOMPANIED BY 
PAYMENT! 


Would you prefer receiving these valuable Manual reprints auto- 
matically each month in the future? If you are a subscriber to 
MATERIALS IN DESIGN ENGINEERING, then avail yourself 
of an additional service offered by our Reader Service Department. 
Let us add your name to our mailing list, and you will receive the 
next 12 Manual reprints, one each month, for the reasonable price 
of $4.00* per year. Just fill out the coupon below and mail it to: 


Reader Service Department 
MATERIALS IN DESIGN ENGINEERING 
430 Park Avenue 
New York 22, New York 
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Materials for Electrical Contacts 
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Selecting Plastics Laminates 
Hot Forged Parts 
Solid Electrical Insulation Materials 
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Mechanical Tubing 

Joining & Fastening Plastics 
Aluminum Alloy Castings 

Thermal Insulation Materials 
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Designing with Heat Treated Steels 
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Paper as an Engineering Material 
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Sleeve Bearing Materials 

Sheet Formed Plastics Parts 

How to Select a Stainless Stee! 
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Physical Properties & Tests 

Guide to Industrial Textiles 

Guide to Spring Materials 
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mixing of pure and higher carbon 
powders. 

8. Sintering temperatures may 
come down. Fast sintering is essen- 
tial to a continuous hot rolling proc- 
ess; hence the high temperatures 
used in the Republic process. But 
with heavier mills and other improve- 
ments it may be possible to get the 
sintering temperature down below 
2000 F—perhaps even as low as 
1800 F. 

Powder rolling 
is not new 

There’s “nothing new,” was the 
offhand reaction to Republic’s recent 
announcement from men in the pow- 
der metallurgy field. And it is true 
that the process does not differ in 
principle from powder rolling proc- 
esses already operating on a pilot 
scale in this country. What differ- 
ences there are appear to lie in the 
material—most previous work has 
been on nonferrous metals and stain- 
less steel—and in mechanical details 
(for example, the four-roll compact- 
ing mill). 

The idea of powder rolling is at 
least 57 years old; it was mentioned 
in a German patent in 1902. Various 
methods have been described since 
then in a number of U. S. patents. 
However, it was the German work 
during and after World War II that 
led directly to the first applications 
of continuous powder rolling in this 
country. 

In 1951, the comprehensive work 
done by Naeser and Zirm of Mannes- 
mannwerke in Germany became 
known here. Originally, the sintered 
strip was cold rolled and intermedi- 
ately annealed—a technique more 
suited to batch processing than to 
continuous production. Also, it 
seemed that the carbon content might 
best be achieved by gas carburizing 
the thin sintered strip. 

First U. S. continuous 
line rolls copper 

While development continued in 
Germany, the process came to the 
United States, where development 
proceeded along two separate lines 
—nuclear and commercial. 

As a result of discussions between 
Henry H. Hausner and Dr. Naeser, 
Sylvania Electric Products, Ine. 
began to study powder rolling under 
an AEC contract. The Sylvania work, 
supervised by Samuel Storchheim 








RTV (room temperature vulcanizing) silicone rub- 
ber being applied as sealant in Douglas DC-8. 
RTV cures without application of heat; won't 
shrink (no solvents) ; forms no voids. It has ex- 
cellent bond strength, plus resistance to high 
temperatures, moisture, weathering, ozone, air- 
craft fuels and solvents. 





G-E RTV silicone rubber—a superior material 
for tooling, encapsulating and sealing 





Prototype jet engine nose cone (right) cast Close-tolerance, non-standard helix Potting and encapsulating of electrical com- 
in RTV mold. Epoxy parts cast in flexible gear cast complete in low-cost, one- ponents, such as this aircraft transformer, 
RTV molds have a bright, glossy surface and piece RTV mold. Previously such re- are easy with RTV. It can be poured, 
reproduce extremely fine detail. No parting placement parts had to be machined sprayed, painted or applied by dipping. Tem- 
agent is required for even the most complex by hand. Now they can be quickly _ perature resistant from —60°F to +600°F; 
parts. High tensile and tear strength is re- and inexpensively replaced by using excellent resistance to high altitude arc-over 
tained even after prolonged heat aging. the broken part as a master. and corona. Comes in wide viscosity range. 


For application data and samples of General Electric RTV 
silicone rubber, write to General Electric Company, Silicone 
Products Department, Section 882, Waterford, N. Y. 


GENERAL @® ELECTRIC 


Silicone Products Dept., Waterford, N. Y. 
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radar towers —in hot, humid tropics 


radomes —in frozen arctic wastes, 
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USAF Photos. Zincilate (Spec. MIL-P-26915) is approved as alternate to hot-dip 
(ASTM-A123) galvanize under Spec. MIL-T-26433, Towers, Temperate and Arctic 





Zincilate can provide true galvanic protection for these vital 
components in our radar defense network, because Zincilating 
is the new method of galvanizing — as modern as a missile. 

Zincilating can be done anywhere, any time, on any product 
or structure of any size or shape. As on these radar towers, where 
Zincilate was brushed on to repair faults and weaknesses of an 
old galvanizing method. No pre-treatment of the original galva- 
nize was required. 

Zincilating saves time, money, materials and manpower. As on 
radome maintenance, where three coats of ordinary material 
should be applied to every structure during the 60 days suitable 
for maintenance work, but where one coat of Zincilate actually 
affords more complete, longer-lasting protection because it dries 
faster and harder under arctic conditions. 

Zincilate, applied by spray, brush, roller-coat or pressure cur- 
tain, has much to offer any company working in iron, steel or 
aluminum, for military or commercial use. Write, without obli- 
gation, for complete information including military specification 
approvals and certified test reports. 


ETAL ROTECTIVE 
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Model of process for rolling steel 
strip from iron powder. 


and at first confined to 18-8 stain- 
less, showed that “the new method 
of fabricating strip seems applicable 
to both soft and moderately hard 
metal powders.” The process offered 
special advantages for metals used 
in nuclear equipment because many 
of them must first be obtained any- 
way in the form of powder, made 
by reducing purified chemical com- 
pounds. 

Meanwhile, Chemetals Corp., of 
New York City, obtained an exclusive 
license from Mannesmann Akt. and 
Sundwiger Messingwerk to use the 
German process for nonferrous pow- 
ders. ‘ 

Previously, Chemetals ‘had devel- 
oped a hydrognetallurgical process 
for producing a pure, inexpensive 
copper powder from scrap. The first 
commercial installation was at Whit- 
aker Metals Corp. in North Kansas 
City, Mo. The question was: what 
to do with large quantities of cop- 
per powder—quantities that could 
not be absorbed by the present de- 
mands of powder metallurgy. The 
answer was to try to roll the powder 
into strip. 

And so Chemetals Corp., with its 
powder rolling license, entered the 
picture again. A pilot program was 
set up by E. W. Bliss Co., Salem, 
Ohio with the assistance of S-K-C 
Associates, consultants of Paterson, 
N. J. At present, Bliss can roll up 
to about 200 lb per hr. Strip 0.0106 
in. thick is reported to have 40,000 
psi tensile strength, 34% elongation 
and 101% IACS electrical conduc- 
tivity. 

The economics of this process are 
very attractive. The copper powder 
in quantity production will cost 
about the same as electrolytic copper. 
Assuming a production level of about 








TITANIUM...COMING OF AGE! 


One of the most comprehensive tests undertaken 
confirms titanium’s outstanding corrosion resistance 


Encouraged by increasing avail- 
ability (and lowering costs) of ti- 
tanium, more and more designers of 
process industry equipment are test- 
ing and applying its unique corro- 
sion resistance and other properties. 

One of the most extensive evalua- 
tions ever made, with actual chemical 
plant exposures, was a seven-plant 
series of tests by Columbia-Southern 
Chemical Corporation. The tests, 
covering 2300 specimens of 40 ma- 


The terms “Electromet”™ and “Union Carbide’ 


terials involved many environments. 

Test results led Columbia-Southern 
to broaden use of titanium in actual 
equipment such as valves, heating 
coils, nitric acid reboilers...in their 
most corrosive media. In service for 
nearly a year, the equipment has con- 
firmed the earlier findings. 

The detailed results of this test 
are well worth your study. Write for 
your copy of a summary report 
today. 


are registered trademarks of Union Carbide Corporation 


Union Carbide Metals Company, 

Division of Union Carbide Corporation, 

30 East 42nd Street, New York 17, N.Y. 
In Canada 

Union Carbide Canada Limited, Toronto 
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Electromet Brand Ferroalloys 
and other Metallurgical Products 
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TORCH TEST OF 
MOLYBDENUM AT 
3400 F 


CHROMALLIZING 
FOR METAL PROTECTION 
AT JET-HOT TEMPERATURES 


Improve oxidation and thermal shock resistance of metals used in 
jet engines and similar superheat applications with CHROMALLIZ- 
ING. This patented method of diffusing chromium with other ele- 
ments into the surface provides an alloy case which is integral 
with the base metal. It can’t peel or flake; the chromium and other 
elements diffuse uniformly into recesses, pores, cracks and even 
blind holes. 


hromalloy poration 
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50 tons ‘per yday and a common 
commercial-size strip (0.030 in. thick, 
18 in. wide), the cost of converting 
ingot to strip is about 8¢ per Ib—the 
average cost. of converting powder 
to: strip about 2¢ per lb. These fig- 
ures, furnished by D. K. Pickens, 
president, Chemetals Corp., indicate 
a savings of 6¢ per lb. For thinner 


“ng BaRes, the saving is even greater. 


More graphically, Pickens says, 
this cost differential may be illus- 
trated by the difference between a 
powder rolling installation in a 
building 100 ft long and in a conven- 
tional plant which may be as long 
as 1200 ft. 

It was during this period of de- 
velopment a few years ago that the 
advantages of hot rolling, rather 
than cold rolling, became increas- 
ingly obvious. The Bliss-Chemetals 
setup uses cold compacting and hot 
rolling. As S-K-C pointed out at the 
1957 MPA meeting, hot rolling offers 
greater consolidation per pass and 
leaves the strip in the annealed con- 
dition, thus reducing the number of 
passes and anneals necessary and 
consequently the amount of equip- 
ment needed. Furthermore, some ma- 
terials, notably aluminum, must be 
hot rolled. 

Strip from powder 
has other advantages 

Although Republic’s main interest 
is in reducing future plant invest- 
ment costs, developers of continuous 
powder rolling have cited many other 
advantages. The early German in- 
terest was primarily in obtaining 
sheets of materials that are hard to 
shape, such as the refractory metals. 
Some later objectives: 

1. Random crystal orientation. 
Because of the limited amount of 
working, directionality is not marked. 
It is possible that sheet materials 
particularly suitable for deep draw- 
ing can be developed. Such materials 
would have less tendency to “ear” 
than conventional metal strip. 

2. Finer grain size. Cold compact- 
ing as opposed to hot pressing, for 
example, reduces the opportunity for 
excessive grain growth. 

3. Greater purity. Some metals 
used in nuclear equipment require 
high purity and can only be produced 
from pure metal powders. 

4. Producing bimetals. A strip 
can be clad on one or both sides by 








Here’s why you should consider 


ATIONAL GRAPHITE 


TRADE-MARK 


...It has a unique combination of properties 


RESISTS GOOD ELECTRICAL CORROSION - STRENGTH INCREASES 
THERMAL SHOCK CONDUCTIVITY RESISTANCE : WITH TEMPERATURE RISE 


HIGH THERMAL LOW THERMAL - NOT WET BY MOST - EASY TO 
CONDUCTIVITY EXPANSION MOLTEN METALS : FABRICATE 


_..It’$ available in a wide variety of sizes and shapes 


National’ graphite is available from 
minute particles to five ton blocks...in all 
sizes of square, round, rectangular and 
cylindrical shapes. Whatever your needs 
whether quantity, purity or size 
whether machined or unmachined...call 
on National Carbon Company, the nation’s 


most experienced graphite producer 














Economically machining graphite at National Carbon 
Company is a result of years of graphite machining 
experience teamed with modern equipment located at 
several strategic locations. Turning out simple or intri- 
cate shapes and holding to close tolerances are everyday 
procedures at these shops. No job is too small or too big, 
too simple or too complex to receive the required expert 
consideration and attention. 

Whatever your needs, whether simple or complicated 
parts made from standard or special grades, let National 
Carbon Company quote on your requirements. For de- 
tails, contact your National Carbon representative or 
the nearest sales office. 


One of several well equipped NATIONAL CARBON mochine shops for fabricating graphite. 


“National” and ‘‘Union Carbide” are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY : Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N. Y. 
OFFICES: Atlanta, Chicago, Dallas, Houston, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco * CANADA: Union Carbide Canada Limited, Toronto 
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— the time-tested standard of the resistor industry 


Evanohm 


RESISTANCE ALLOY 


— for resistors and precision instruments 


Wherever exceptional stability over a wide tem- 
perature range is essential, EVANOHM is the 
accepted standard of performance. This high- 











reliability resistance alloy provides high specific 
resistance, low temperature coefficient, low ther- 
mal EMF to copper. EVANOHM is especially 
recommended for use in resistors, aircraft in- 
struments, for guided missiles, rockets and | 
other precision equipment. Available in bare | 
wire, enamel, formvar, polyurethane, silk, | 
cotton, nylon and glass insulation. Write for | 
complete electrical and mechanical data and 
recommendations on your specific application. | 


oe ce oa 








ep 4 





30 SO 70 @ 110 130 
TEMPERATURE IN C” 


Percent change in resistance of an ideal sample 
of Evanohm. Norma! production material (002° 
and finer) is supplied within the range = 10 ppm 
(65° to 25°C. and 25 to 125°C, referred to 25°C.) 


WILBUR B. DRIVER CO. 


Main Office: NEWARK, N. J. — Tel. HUmboldt 2-5550 


Branch Offices and Warehouses in Principal Cities. Manufacturing Plants: 1875 McCarter H’way, 
Newark 4, N. J.; 2734 Industrial Way, Santa Maria, Calif. In Canada: Canadian Wilbur B. Driver 
Co., Ltd., Toronto. Subsidiary: Western Gold and Platinum Co., 525 Harbor Bivd., Belmont, Calif. | 
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using it to carry powders through 
he rolls. This method has been used 
at the brass works of Sundwiger 
in Hemer-Sundwig in Germany. This 
pilot plant uses powder rolling to 
produce copper, phosphor bronze, 
cupro nickel and various bearing 
alloys. 

5. Less expensive foil. In general, 
the cost advanfgges of powder rolling 
are greater for materials that work 
harden rapidly. Espéttafiy for such 
materials, powder rolling should of- 
fer considerable economies in pro- 
ducing thin foil. 

6. Less scrap is generated, Scrap 
produced in conventional operations 
frequently exceeds 30%; in the pow- 
der method it will be less than 4%. 

A special application is the pro- 
duction of complex core materials 
for nuclear fuel elements (when 
these laminated cores are cold rolled 
or extruded in the wrought form, the 
uranium alloys often fracture, pro- 
ducing discontinuities). 

Economics change with time 

Like most new processes, powder 
metal rolling is economically a cir- 
cular proposition. The chief economic 
disadvantage of the process is the 
relatively high cost of most metal 





Forging superalloys—New facili- 
ties at Haynes Stellite Co.’s Kokomo, 
Ind. plant have been designed espe- 
cially for forging superalloys. Be- 
cause the cobalt and _nickel-base 
alloys produced by Haynes have a 
limited hot working range, all of the 
forge equipment (like the press shown 
here) is designed for speedy opera- 
tion. Ingots ranging from 1500 Ib 
to 5 tons will be processed through 
the plant. 
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Forging with minimum external and internal drafts is a Bethlehem 
specialty. Witness the closure hub above. 

We forge this part and others like it in a mechanical press to 
1 degree outside draft, 5 degree inside draft. Then we hot-broach 
the inside draft to facilitate internal chucking. By the time this 
hub arrives at our customer’s machine shop, little machining is 
required. Machining’s a lot safer, easier, and faster, too. Because 
of the small drafts, chuck jaws can get a big bite on the part. They 
won’t slip. Our customer can safely use higher horsepower machine 
tools, and speed his work. 

Because we’re able to forge to 1 degree drafts or less, the weight 


of the product can be reduced. That saves metal as well as machin- 
ing dollars. We’d like to pass on similar savings to you. Call or 


write our nearest sales office today. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA 


Export distributor, Bethlehem Stee! Export Corporation 


BETHLEHEM STEEL 
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PY4 seal rings operate 
_with highest efficiency 
in this rotary pressure 
joint carrying steam- 
condensate. 





. Mechanical seals with 
Morganite PY4 noses pro- 
vide an extra measure of 
dependability in this stuf- 
fing box assembly. 
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Application tested for 
all sealing requirements 


Service-proven 
on toughest assignments 


LINK PY4 GRADE of self-lubricating 
MORGANITE is the engineer-preferred 
seal material for every application where 
premium performance is a “must.” Actual 
service records compiled on PY4 Seals in 
all types of rigorous service, prove that 
this super-rugged material can take 
punishment! PY4 Seals function with 
highest efficiency in the presence of 
grease, searching liquids, corrosives, high 
pressures and high temperature. Install] 
Morganite LINK PY4 for longer seal life 
... reduce down-time and save on seal re- 
placement costs. 


AVAILABLE WORLDWIDE—Send drawings 
and operating data for a recommendation 
on your specific sea] requirements. 


FOR OVER HALF A CENTURY... 


3324 48th Avenue, Long Island City 1, New York 
In Canada: Morgonite Corbon Products Ltd., Toronto 


Manufacturers of Fine Carbon Graphite Products including 
Mechanical Carbons, Motor and Generator Brushes, Carbon 
Piles, Current Collectors and Electrical Contacts... 
Distributors of 99.7% Pure Al,0; Tubes and Crucibles 
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powders. Despite the high cost, the 
process seems feasible for many ap- 
plications. And as these applications 
develop, new powder-producing ca- 
pacity should develop. The probable 
result is an eventual drop in the 
price of existing metal powders. This 
trend—together with the develop- 
ment of new, low cost powders— 
would not only speed up the further 
development of powder rolling, but 
would also greatly encourage new 
applications of powder metallurgy to 
mechanical parts. 

In general, strip rolled from pow- 
der seems to be economically most 
feasible at present for: 

1. Nickel and copper, for which 
pure, inexpensive powders are avail- 
able. 

2. Hard-to-form materials, such 
as reactive and/or refractory metals 
and alloys (titanium, zirconium, tan- 
talum, molybdenum). 

3. Complex dispersion-type alloys 
and bimetals. 

As for iron and steel most people 
in the powder metallurgy field agree 
that general, widespread application 
will have to wait until a good iron 
powder can be produced at nearly 
the cost of pig iron. Pickens is con- 
vinced that such a powder will be 
available within two or three years, 
and will probably be made by a 
hydrometallurgical process. 

Even without such a powder, the 
low plant investment required will 
make the iron powder rolling process 
economically attractive. As Earle 
Smith points out, the process offers 
promise for many areas of the world 
where lack of convenient or econ- 
omical ore and coal deposits, not to 
mention lack of capital, make ton- 
nage production of pig iron virtually 
impossible. 

Many organizations 
are experimenting 

Approximately 20 companies and 
research organizations are thought 
to be actively engaged in powder 
rolling development in this country 
and Canada. 

Much of this work has been done 
on nuclear metals and is still classi- 
fied. At least two organizations are 
known to be particularly interested 
in aluminum. And early this year 
the Naval Ordnance Laboratory re- 
ported that continuous rolled strip of 
a nickel-iron magnetic alloy had 
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EFFECT OF TIME AT TEMPERATURE IN AIR ON THE ELECTRICAL RESISTIVITY OF .010" "A’ NICKEL & OXALLOY CLAD COPPER WIRES 
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—nothing else is so stable, 


for so long, at such 


high temperatures 


OXALLoy 28 is Sylvania’s new copper 
wire clad 28% by weight with a chrome- 
iron alloy. This cladding provides 
excellent oxidation and corrosion-re- 
sistance at high temperatures, making 
OxALLoy 28 extremely reliable during 
prolonged exposure to temperatures as 
high as 1300° F. 

If, in your wire application, high 
conductivity must be maintained for 


long periods of time—then OxALLoy 28 
is meant for you. Compare the rate of 
change in resistivity of pure “‘A’’ nickel 
and Sylvania’s new OxALLoy 28. 

We would like to supply you with 
complete data on other properties of 
OxALLoy 28, Sylvania’s new clad cop- 
per wire. Write to Sylvania Electric 
Products Inc., Parts Division, Warren, 
Pennsylvania. 


¥SYLVAN 1A 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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Sylvania is the only major 
wire supplier with complete 
facilities for both plating 
and cladding wire. This 
makes it possible to provide 
you with an experienced, 
objective recommendation 
as to whether a plated or a 
clad wire is best suited for 
your application. 

In addition, Sylvania’s 
Parts Division offers you a 
complete line of custom 
parts and components. 
*Trade-mark 


Custom Molded Plastics 
Custom Metal Stampings 
Custom Welded Parts 
Alloy, Clad, Plated Wire 
Plated Metal Strip 
Electronic Components 
Fivorescent Components 
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DESIGNING 


IN TEFLON ? 


Let R/M’s complete 
“Teflon” service 
help solve your 
design problems... 
meet your 
production needs 


STANDARD FORMS. Tubes, rods, sheets, NEW STRIPED THIN-WALL TUBING can be supplied 


tape and thin-wall tubing are available. 
Also bondable “Teflon.” 


Take advantage of R/M’s broad ex- 
perience in the design of “Teflon” 
parts and ample facilities for its fabri- 
cation. R/M sales engineers have cut 
costs for customers by suggesting a 
minor change in design—without af- 
fecting performance—or a more ef- 
ficient method of fabrication. Where 
a standard form will do the job, R/M 
offers a vast array of “Teflon” sheets, 
rods, tubes, thin-wall tubing and tape 

. standard or bondable. 

And R/M is constantly working to 
develop new varieties of “Teflon” 


with identifying stripes in a variety of colors, for 
sure, quick identification. 


products. Thin-wall tubing, for ex- 
ample, can now be furnished with 
permanent color striping for identi- 
fication purposes. And 1/32-in.-thick 
“Teflon” can now be supplied in sheets 
36 x 36 in... . greater thicknesses in 
48 x 48 sheets. If you are designing in 
“Teflon,” or considering its use, it will 
pay you to learn more about R/M’s 
complete “Teflon” service. Contact 
your nearest R/M district office or 
write Plastics Products Division, Man- 


heim, Pa. *A Du Pont trademark 


RAYBESTOS-MANHATTAN, INC. 


PLASTIC PRODUCTS DIVISION FACTORIES: MANHEIM, PA.; PARAMOUNT, CALIF. 


Contact your nearest R/M district office listed below for more information or 

write to Plastic Products Division, Raybestos-Manhattan, Inc., Manheim, Pa. 
BIRMINGHAM | © CHICAGO 31 ¢ CLEVELAND 16 © DALLAS 26 « DENVER 16 e DETROIT 2 e HOUSTON | 
LOS ANGELES 58 @ MINNEAPOLIS 16 @ NEW ORLEANS 17 © PASSAIC © PHILADELPHIA 3 
PITTSBURGH 22 © SAN FRANCISCO § @ SEATTLE 4 © PETERBOROUGH, ONTARIO, CANADA 


RAYBESTOS-MANHATTAN, INC., Engineered Plastics « Asbestos Textiles ¢ Mechanical Packings « Industrial Rubber 


sintered Metal Products 
Brake Blocks « Clutch Facings « 


Rubber Covered Equipment 
Laundry Pads and Covers « 


« Abrasive and Diamond Wheels «+ Brake Linings 
Industrial Adhesives « Bowling Balls 
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magnetic characteristics equivalent 
to those of the commercial alloy of 
the same composition. 

Aside from copper, most published 
work has been on nickel. Both Syl- 
vania and the University of British 
Columbia are rolling pure nickel 
strip from powder. Sherritt Gordon 
Mines, Ltd. in Canada uses a hydro- 
metallurgical process to make a pure 
nickel powder especially suitable for 
rolling. Cost aside, high purity nickel 
strip is promising for electronic ap- 
plications. 

Among other companies known to 
be experimenting are Du Pont and 
Martin. 

The fact remains that no full- 
scale commercial production line— 
either ferrous or nonferrous—is 
operating as yet. 

But many men in the powder 
metallurgy field feel that the new 
way of producing flat mill products 
is inevitable. “The thing to realize,” 
Chemetals’ Pickens says, “is that we 
have here a whole new technology. 
Eventually it will make obsolete the 
conventional smelting, refining and 
fabrication of metals.” 


Rubber-Coated Fibre 
Makes Tough Gasket 


A nitrile (NBR) _ rubber-coated 
vulcanized fibre gasketing material 
is said to combine the strength, den- 
sity and fluid resistance properties 
of vulcanized fibre with the sealing 
properties of NBR rubber. The 
gasketing material, called Avronite, 
is available from Kalendex Corp., 
26018 W. 7 Mile Rd., Detroit 19. 

According to Taylor Fibre Co., the 
combination gasketing material is so 


Taylor Fibre Co. 
Durable gasket combines strength 
of vulcanized fibre with sealing prop- 
erties of NBR rubber. 
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One Die... 
One Shot... 
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Many shapes and sizes 
--all clean, strong, accurate 


8 PARTS ! 
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Die-cast by DOLLIN for Roovers “Midgie” Labeler 


Each high-speed casting shot supplies 

practically all the major parts for this 

labeler. Subsequent trimming by Dollin, 

delivers these zinc parts with close 

accuracies and a smooth hardware 

finish, ready for finishing and assembly 
at low piece cost 


Is there an idea here for you? Dollin 
welcomes the opportunity to apply 
similar ingenuity and savings in die- 
casting your zinc and aluminum parts, 
from large sizes down to fractions of 
an ounce. 


Submit prints or samples of parts for engineer- 
ing advice and quotation, without obligation. 


DOLLIN CORPORATION 
61C So. 2ist St., Irvington 11, N. J. 


Sales offices in principal centers 
See ‘Yellow Pages’ ' for nearest office 





= __ 
+ The Roovers ‘‘Midgie'’ Hand 
Labeler produces embossed labels 
in seconds on strips of metal or 


plastics. Manufactured by 
Roovers-Lotsch Corporation. 
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Since 1934 when the Indium Corporation was 
formed and produced the first commercial 
amounts of Indium, we have gained in knowl- 
edge and in service for all conceivable uses 
for Indium. Why not write us today . . . our 


your service. 


Write to Dept. M-859 for Indium booklet: 


quarter-century of technical knowledge is at | | 


“INDALLOY” Intermediate Solders 


1934-1959 Picneers in te 


Development and Applications of Indium for Industry 


THE INDIUM CORPORATION OF AMERICA 


1676 Lincoln Avenue ® Utica, New York 


Elmwood 2-4444 ¢ 
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Fasson Self-Adhesive Method! 


Nameplates, trims, emblems, service diagrams, 
etc., made of Fasson self-adhesive materials do 
a remarkable job simplifying assembly . . 
cutting costs wherever used! 

Drills, special tools and fasteners of all kinds 
are eliminated. To apply, simply remove the 
backing paper and press in place. That’s all. 

Result: assembly lines move much faster 

. and costs of labor, tools and materials go 
way down! 

Check the Fasson self-adhesive method today. 
You’ll discover many new ways to cut your 
costs .. . many new ways to add new glamour 
and beauty to your products! 


Write today for samples and descriptive brochure to Dept. T-8. 


Fasson 
Products 


A Division of Avery Adhesive Products, Inc. 
250 Chester Street «© Painesville, Ohio 


fasson 
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Progressive Foundry Engineering 
Develops Accurate Components.. 


-again, UNITCASTINGS 
do the job better! 


Unitcast foundry technicians, working 
hand-in-hand with customer’s engineers, 
match new processes and developments with new 
steel casting demands. 


The close tolerance requirements of this new 
horizontal gate mechanism proved a challenge. 
Designed around a new hypo-cyclic gear to reduce 
operating effort 80%, finished costs had to remain 
competitive. Each component was delivered to 
finished size with only touch up grinding necessary 
before assembly, and a high quality, durable product 
was marketed with the benefit of cast steel. 


Unitcast offers similar service to help you with 
close tolerance, cost reducing problems. 
Write or call today for complete information. 


UNITCAST CORPORATION, Toledo 9, Ohio 


In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 











SPECIFICATION 
STEEL 
CASTINGS 


Unitcast 
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durable that “in some instances it 
can replace metal-jacketed gasketing 
with cost savings up to 25%.” The 
gaskets are said to effectively seal 
internal pressures as high as 750 psi 
at temperatures up to 300 F. 
Gaskets made from the material 
are especially useful in truck or 
heavy automotive applications where 
oils and gasolines must be contained 
at relatively high pressures. They 
are also recommended where accu- 
rate spacing of gasket assemblies is 
vital, such as on side plates of vaned 
pumps where too little clearance can 
cause scraping of vanes and too 
much can cause slippage of fluid. 


Glass Peening Cleans 
Metals Without Damage 


A stream of microscopic glass 
beads electrostatically suspended in a 
solution is used to remove scale, cor- 
rosion, dirt, burrs and tool marks 
from ferrous and nonferrous metal 
parts. According to the developer, 
the peening method does not alter 
dimensions of parts being cleaned, 
does not contaminate or leave em- 
bedded particles in the part, and 
does not nick sharply machined edges 
or threads. 

The peening method, called Per- 
fecto-Peen, was developed by Aero- 
Test Equipment Co., Inc. 1601 
Dragon St., Dallas 7, Tex. The glass 
peening method has successfully been 
used to clean cookware, heat ex- 
changers, watch parts, mixing vats, 
storage tanks, aircraft, bearings, 
shafts and dies. 


PVA Synthetic Fibers 
Are Strong, Tough 


Tough, strong, abrasion resistant 
polyvinyl alcohol fibers, developed in 
Japan, are now being marketed in 
this country on a_ developmental 


PROPERTIES OF VINYLON: 





Specific Gravity... . 
Melting Point, F... 
Tenacity, gm/denier 
Elongation, % 
Modulus, gm/denier. . 
Stiffness, gm/denier. . 





*Specimen was 8-denier dull staple. 





NOW! IMMEDIATELY AVAILABLE 
FROM OLIN ALUMINUM... 
COLD PROCESSED ROD 


AND SCREW MACHINE STOCK 


For all the high-quality aluminum rod and screw machine stock 
you need ... when you need it and as you need it... 
just call your nearby Olin Aluminum sales office or distributor. 


Olin Aluminum is today’s fast-moving, machinable metal. 
It gives you top-speed cutting. It’s rapidly 
handled and shipped. It’s cold processed for uniform 
grain size (a quality plus). You get three times 

as many parts per pound as you get with other metals 

and—in many cases—aluminum parts need 

no further finishing. You save many ways! 

What’s more, you can always count on fast technical 
assistance from the design, metallurgical and 
technical services of Olin Aluminum—America’s new, 

fully-integrated producer. 


Olin STAK-PAK gives you 
easier handling and greater 
stackability . . . protects 
your stock against 


scratching and abrasion. Q L| N 


OLIN MATHIESON + METALS DIVISION + 400 PARK AVENUE + NEW YORK 22, N. Y. UMINUM 
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AVIERIAILS 


Glass Gives You 
Permanent Durability . . . Smoothness 
Resistance to Abrasion... Heat... Chemicals... . 


Glass is resistant to thermal, chemical and physical shock. It’s 
easily shaped to close tolerances, with uniform dimensions perma- 
nently retained. Where desired, glass can transmit light and color to 
specially selected portions of the spectrum, absorb heat rays, provide 
color correction or low coefficient of expansion . . . 

But most remarkable of all is its workability—the degree to which 
these properties can be varied and controlled. 

Kopp engineers have extensive experience in working with the 
structure of glass and controlling its manufacture to provide custom- 
built items that meet exacting application needs. Our experienced 
engineers, research and manufacturing facilities enable us to produce 
specialized products of utmost dependability and performance. Write 
us at Swissvale, Pennsylvania. Ask for Bulletin 553-A on Kopp- 
Engineered Glass. 


Specialists in Custom-Built Technical Glass KOPP) 


Hopp Glass, INC. 


Swissvale, Pennsylvania 


For more information, turn to Reader Service card, circle No. 395 
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basis. The fibers, called Vinylon, are 
available in the form of staple and 
tow from the Fiber Dept., Air Re- 
duction Chemical Co., Div. of Air 
Reduction Co., Inc., 150 E. 42nd St., 
New York 17. 

According to the producer, Vinyion 
fiber has an unmatched balance of 
properties between those of natural 
and man-made fibers. It has high 
tear strength and pleasing hand. 

Among potential uses are various 
industrial and nonwoven fabrics, 
and upholstery. 


Glass-Rubber Tape 
Heats Without Wires 


A new flexible heating tape has 
no electrical wires. The tape, made 
of woven glass fibers impregnated 
with conductive silicone rubber, is 
merely plugged into an electrical 
source such as a battery. 

The wire-free tape maintains a 
uniform temperature at any spot on 
its surface. It can be used con- 
tinuously at 400 F and intermittently 
at 600 F. It was developed by 
Sunelec Inc., P. O. Box 1139, Tren- 
ton, N.J. 

The tape is expected to find use 
in plastics products such as dinner- 
ware, baby items, automobile heaters 
and floor mats. It is also expected to 
find use in electric blankets, heating 
pads and lightweight clothing. It is 
presently being used for the heating 
ignition batteries in cold climates. 

The tape is supplied in widths 
from % to 6 in. and in thicknesses 
from 0.005 to 0.012 in. in any length. 


Straight Brass Rod 
for Screw Machines 


Chase Brass & Copper Co., Metal- 
lurgical Dept., Waterbury 20, Conn. 
has introduced a free-cutting brass 
rod with controlled straightness. The 
straightness of round rod is con- 
trolled to +% in. in a 10-ft length; 
the straightness of hexagonal, octa- 
gonal and square rod is controlled 
to +% in. in a 10-ft length. 

The straightness of the rod is said 
to reduce the whip associated with 
rod of lesser straightness. Whip can 
cause short feed on long parts and 





NOW POSSIBLE 


DIVISION NATIONAL LEAD COMPANY 
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New Star Performer In The Sandvik Line 


SANDY Ti 
Presents A SUPER 
SPRING STEEL 





= 


tankeaed & Ten 
pered Spring Steel 


<i 


Annealed Spring 
Steel 


Band Saw Steels 


Sandvik’s new 2R25 is a superior grade of stainless 
spring steel which goes far beyond the capabilities of 
ordinary spring steels. It was developed for applica- 
tions where performance outranks cost. 

This new steel is a prime example of Sandvik’s 
ability to combine several advantageous properties in 
one metal. Sandvik 2R25 is exceptionally tough and 
resilient, much more formable than hardened and 
tempered steel, has up to 10 times the fatigue life of 
ordinary carbon spring steel and has excellent corro- 
sion resistance under varying atmospheric conditions. 


Mechanical Data on 2R25 — 

TENSILE STRENGTH RANGE — 
Hard Rolled 242,000 * 270,000 or 299,000 PSI 
Heat Treated 270,000 * 299,000 or 327,000 PS! 

ELASTIC LIMIT (.01% Proof Stress) — From 
156,000 to 192,000 PSI according to size and 
finish 

MODULUS OF ELASTICITY — 27.7 to 35.6 x 10° PS! 
according to size and finish 

SIZES (with extremely close tolerances) 

Thickness —.0016” to .035”, Width —.039” to 3.94” 
For further information on Sandvik 2R25, 

contact your nearest Sandvik office. 


Sandvik stocks a wide variety of qualities 
and sizes of cold rolled specialty strip steels. 
In addition Sandvik has rolling, slitting, 
edge-filing and hardening and tempering 
facilities. Send for your copy of this free 
brochure which gives specific data on the 
leading types of Sandvik steels. 


Shock Absorber 
Steel 


SANDVIK STEEL, INC. 


1702 Nevins Road, Fair Lawn, N. J. 


Tel. SWorthmore 7.4200 + tn N.Y C. Algonquin 5-2200 
Branch Offices: Cleveland * Detroit + Chicage * Los Angeles 
SANDVIK CANADIAN LTD. P.O Drower 1335, Ste O Montres! 9 & G 
Works Sendviten Sweden 





srpmine STEEL ePrines PA 


> © © 
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Production line testing of brass 
rod for straightness is done by roll- 
ing rod on an extremely flat metal 
surface. 


can present difficulties in maintain- 
ing close tolerances on finished prod- 
ucts. The lower whip of the new rod 
is also said to result in quieter opera- 
tion of high speed screw machines. 

The newly improved rod is said to 
offer all the advantages previously 
associated with free-cutting brass, 
such as ease of machining, low 
scrap rate and long tool life. The 
brass rod is called 3 Mark. 


Color of Plastics Is 
Accurately Controlled 


Color controlled polystyrene mold- 
ing compounds are now commercially 
available from Monsanto Chemical 
Co., Plastics Div., Springfield, Mass. 

The colored plastics compounds 
are produced by a color system 
known as Micro-Match. The theory 
on which the system is based takes 
into account the three color variables 
of hue, purity and value, and plots 


Spectrophotometer is used by 
Monsanto Chemical Co. to control 
color of its polystyrene molding com- 
pounds. 
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we specialize in CURVED SHAPES! 


Spinnings, like women, come in all shapes 

and sizes. But when you have man-sized equipment 
and years of experience, even the most resistant 
conformations fall into line. Spincraft has 

that equipment in its exclusive, specially-built 
MET-L-FLO automation lathes — available 
nowhere else. It has the experience, too, 

in forty years of creative metalspinning 

for industry’s newest developments. 


In rockets and missiles, for example, 

Spincraft has been in there from the very 
beginning. The sheath dress the lady is wearing is 
actually a thrust nozzle for the early Hermes 
missile. The trapeze dress is a section of 

the Honest John rocket. And the chemise is the 
preform stage of countless spinning jobs 

in missiles and other fields. 


If you have metalforming problems on your drawing 
boards, Spincraft can solve them for you 

more quickly, efficiently, and economically than 
you may think possible. Send prints for quotation, 
or cail in one of our skilled SPINGINEERS. 


SEND FOR: Notes for An Engineer's File, 
continuing series of technical bulletins keeping you 
abreast of the latest metalspinning advances in 

the world’s largest metalspinning plant. 


(metalformed, that is!) 


_ 
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TRAPEZE LOOK 


1959, by Spincraft, ine, 
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that Damascus gives you sharper 
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juces beautifully on MYLAR. 
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Richard Best 


Pencil Company 
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THERMAL SHOCK 


A CASE IN POINT —This 20 pound Ni-Resist casting made for the 
Schwitzer Corporation by Hamilton Foundry is the turbine casing of a diesel 
engine turbocharger. Exhaust gases which turn the impeller at speeds up to 
90,000 rpm subject the housing to rapid cyclic temperature changes up to 
1500° F. Any free scale formed at these temperatures could erode and 
eventually destroy the impeller blades. Ni-Resist was chosen for this part 
because it produces practically no free scale, it resists growth and oxidation 
at high temperatures, and it resists cracking under thermal shock. 

Ni-Resist iron combines three particular product engineering and de- 
sign advantages. It resists oxidation: as low as .002 inches per year 
oxide penetration at 1400° F. Scale formed adheres to the base metal and 
reduces further oxidation to a minimum. It has high temperature strength: 
up to 12,000 psi at 1500° F. And it’s the toughest of all flake graphite 
irons: Charpy impact strengths (unnotched) up to 150 ft.-Ibs. Hamilton 
Foundry casts all types of Ni-Resist including Ductile Ni-Resist. 

When new and unusual design problems arise in the selection of metal 
and the casting of parts, you will find that the skill and integrity of your 
foundry is your best insurance that specifications—and delivery schedules 
—will be met. 


GRAY IRON * ALLOYED IRON + MEEHANITE ®. DUCTILE (NODULAR) IRON + NI-RESIST « DUCTILE NI-RESIST * NI-HARD 


1551 LINCOLN AVENUE + HAMILTON, OHIO + TWinbrook 5-7491 
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them on a three-dimensional graph 
somewhat comparable to the spheri- 
cal shape of the earth. According 
to Monsanto, every color in the spec- 
trum can be located on this dimen- 
sional graph by its “latitude,” “longi- 
tude” and “distance from the center 
of the earth.” These color measure- 
ments are said to be absolute. Here- 
tofore, color of plastics compounds 
was controlled by visual methods. 

The new color system, which uses 
a spectrophotometer combined with 
a specially designed computer, can 
detect and allow correction of color 
variations unnoticeable to the human 
eye. Data supplied with each ship- 
ment verify that the color of the 
polystyrene compound matches that 
of past shipments. 


Magnesia Ceramic 
Withstands 4300 F 


An extremely pure magnesia cera- 
mic (99.8% pure) is capable of long 
term operation at temperatures up 
to 4350 F. It was developed by Corn- 
ing Glass Works, Corning, N. Y. 

Melting point of the dense, non- 
porous magnesia is over 5000 F, and 
it has the thermal characteristics of 
an ablating material. The new mag- 
nesia ceramic can be slip cast, 
pressed or extruded into a variety of 
shapes. It is suitable for refractory 
and electrical applications. 


Phosphorescent Paints 
Are Self-Luminous 


Two nonradioactive phosphorescent 
paints that glow in the dark without 
the aid of black light or other ex- 
ternal excitation are now available 
from Ultra-Violet Products, Inc., 
San Gabriel, Calif. 

The paints are visible in darkness 
at distances up to 150 ft. Both paints 
have long storage stability with no 
skinning or settling. They are ex- 
pected to be used on fire extinguish- 
ers, first aid kits, stair treads, camp- 
ing and fishing equipment, light 
switches and patio furniture. They 
sell for $69 per gal. 

A-540 is an air dry enamel that 
dries to the touch in 1 hr. The dried 
paint has good resistance to salt 





THIS IS GLASS 


A BULLETIN OF 


NEW PICTURE WINDOWS FOR 
NAVY'S NUCLEAR REACTORS 


In the “older” models of the Navy’s 
nuclear subs, a periscope was used for 
checking reactor operation. 


Not so in today’s subs. Now you'll find 
giant peepholes—windows that let you 
look directly into nuclear compartments. 

These windows are made from a com- 
bination of Corning high-lead-content 
glass and a plastic. The latter shields 
against neutron bombardment. The high 
density glass (6.2 cc, the equal of iron for 
shielding) protects against gamma rays. 

Just for the record, seagoing radiation 
windows are only one part of a rather 
extensive line that Corning makes. 

To date, for example, we’ve handled 
the shielding window problems of some 
200 “thot” cells. Such windows often ap- 
proach Gargantuan proportions . . . like 
the five-foot-thick, nine-ton job we fin- 
ished recently 

The big advantage for you, the user, 
in all this aside from the fact that 
you can get any combination of three 
very special glasses we make for shielding 

is semplicity. You just tell us you 
energy level. wall thickness, and the 
viewing area you need. We do the rest 

ship you a window that’s ready to 
install. Is as easy as that. 

Added incentive: The most recent design 
change we’ve come up with involves a 
more pronounced taper than was pre- 
viously used. This makes for less weight, 
easier installation, better fit. 

Delve further into this subject by 
checking the box in the coupon, labeled 
‘Radiation Shielding Windows.” This 
will bring you a detailed booklet. Or 
drop a note outlining what’s on your 
mind to Plant Equipment Sales Depart- 
ment. 


THE HEART OF THE MATTER 


During certain operations involving the 
heart, both the heart and lungs are given 


a rest. 


For more 


But the functions of these organs still 
must go on. So ingenious machines take 
over. Like the Kay-Cross rotating disc 
oxygenator that does the work of the 
lungs, controlling the COz and putting 
in pure oxygen. 

The main component of this oxygena- 
tor is a series of discs, so designed that 
blood spreads out without foaming or 
bubbling. 

Comes the commercial. These metal 
discs must be enclosed in a container. 
And the people who make the oxygena- 
tor, Pemco, Inc., chose a Pyrex brand 
glass to hold the discs. 

For good reasons. First off, this Pyrex 
brand glass lets you keep careful watch 
over the color and flow of the blood, both 
very vital considerations to the medical 
men who use this machine. 

Then, this Pyrex brand glass is inert 
chemically. It does not add to or take 
from the blood in any way. There is no 
pickup, no side effects. 

And, because this glass has a low co- 
efficient of thermal expansion, 32 x 
10°7in/in/°C., the entire machine can be 
steam sterilized without any fear of danger 
from thermal shock. 

While this particular application may 
be far afield from your work, one of the 
Pyrex brand glasses may still turn out 
to be the answer to one of the tough de- 
sign problems you are now facing. 

You'll find that this transparent, corro- 
sion- and thermal-shock-resistant glass is 


CORNING MEANS 


PRACTICAL NEW IDEAS 


RESEARCH IN 


FROM CORNING 


available in rod, tubing and flat glass. 
And it can be worked into a wide variety 
of special shapes by automatic pressing 
and blowing machinery. 

Perhaps the best approach for you is 
to avail yourself of two well-detailed 
reference folders, B-83, ‘‘Properties of 
Selected Commercial Glasses,’ and IZ-1, 
“Designing with Glass for Industrial, 
Commercial and Consumer Applica- 
tions.”” Use the coupon. 


YOU CAN MAKE GLASS BREAK 
THE WAY YOU WANT WHEN 
YOU WANT 


Tempered glass breaks in a very special way 
—we call it “dicing’’—and that has led 
to some very special uses 

Rupture discs—Say you're holding a 
liquid or a gas in a container and at some 
precise moment you want to release it 
suddenly and smoothly. You can insert 
a tempered glass disc in your container, 
a disc that has been prepared to disinte- 
grate at a given pressure. 

The pressure can be applied by the 
fluid or by a small charge attached to the 
disc. When you want it to go, the glass 
will shatter instantaneously and homo- 
geneously into small pieces. 

Probable uses for this include safety 
valves on process equipment and as a sub- 
stitute for intricate valving on fuel injec- 
tion systems. Using Pyrex brand Glass 
No. 7740, you can cross corrosion off as 
an inhibiting factor on valves. Pressure 
ranges run from 100 to 1000 psi. 

Metal samples and billiard balls—Glass is 
also being used in the form of tubes to 
remove samples from molten metals. . 
the glass crazes but holds together long 
enough for your sample to cool into a 
smooth cast; then you strip off the glass 
and you’re ready for analysis. The plas- 
tics people are using glass molds where 
they want smooth surfaces . billiard 
balls, for example; when the plastic cools 
you just chip away the glass. 

Want glass that breaks how and when 
you want it? Write to our Industrial 
Components Sales Department, spelling 
out your problem. 


GLASS 


¥ CORNING GLASS WORKS 50-8 Crystal Street, Corning,N.Y. 
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FOR HIGH SPEED FABRICATION 


® 
«w INSUROK 


Free-Machining, Laminated, 
Rolled Tubes Meet Mil-P-79B and Federal L-L-3 





FEDERAL 
SPECIFICATIONS 


MILITARY 
SPECIFICATIONS 


Mil-P-79B, L-L-31, 
Type PBM, Form TR Type 1, Grade X 


Mil-P-79B, L-L-31, 
Type PBG, Form TR Type 1, Grade XX 


INSUROK NEMA 
GRADE GRADE 


T-300 Xx 





T-301 XX 














r-300 and T-301—two new, improved grades of INSUROK paper base, lam- 
inated tubes are distinguished by their excellent FREE MACHINING charac- 
teristics. They do not chip or delaminate when fabricated. Having good 
dielectric properties and uniform appearance, these light colored INSUROK 
tubes are suited to any fabricating operation. You can machine INSUROK 
r-300 and T-301 at top operating speeds. 

For your electrical and mechanical applications you are offered a wide 
choice of tube sizes in these new grades: 

e Inside diameters up to 12 inches e Wall thicknesses up to 2 inches 


CHARACTERISTIC PROPERTY COMPARISON 


NEMA XX T-301 
REQUIREMENTS TYPICAL VALUES 





CHARACTERISTIC PROPERTIES 





Test Samples From 1” x 144” Tubes 





2% maximum 1% 
1.12 minimum 1.25 
290 volts/mil. 400 volts/mil. 


minimum 


Water Absorption 
Density (grams per CM?) 


Dielectric Strength 
(perpendicular to laminations) 











Richardson offers a complete line of INSUROK laminated grades in sheets, 
rods and tubes . . . also provides complete fabrication service at its Melrose 
Park, Illinois and New Brunswick, New Jersey plants. 

For full information on INsuROK T-300 and T-301, write direct or con- 
tact sales offices in principal cities. 


the RICHARDSON COMPANY 


LAMINATED AND MOLDED PLASTICS Founded 1858 
2782 LAKE STREET © MELROSE PARK, ILLINOIS © SALES OFFICES IN PRINCIPAL CITIES 
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spray, sunlight and general weather- 
ing. One gallon covers approximately 
200 sq ft. 

A-550 is a baking enamel that 
dries in 30 to 60 min at 150 to 175 F. 
The dried paint has good durability, 
high gloss, smooth finish, good 
weathering properties and good 
chemical resistance. One gallon cov- 
ers approximately 175 sq ft. 


Columbium Alloys 
Strong at 2000 F 


Two high temperature columbium- 
base alloys for rockets and missiles 
are now commercially available from 
Fansteel Metallurgical Corp., North 
Chicago, Ill. The alloys are supplied 
in the form of ingots, forgings, bars, 
rods, sheets, plates and fabricated 
parts. 

Fansteel 82 is a columbium-tan- 
talum-zirconium alloy. It has a ten- 
sile strength of approximately 30,000 
psi at 2000 F and 12,000 at 2400 F 
in air. The 10-hr stress-to-rupture 
strength at 2000 F is 26,000 psi. The 
reversed bending fatigue properties 
of Fansteel 82 show an endurance 
limit of 3x 10° cycles at 30,000 psi 
and 2000 F for 16 hr. The alloy has 
good oxidation resistance. 

Fansteel 80 is a columbium-zir- 
conium alloy with a lower melting 
point and lower density than Fan- 
stee] 82. It has a higher strength- 
to-weight ratio than Fansteel 82. 
Oxidation resistance is comparable 
to that of pure columbium. 

Both alloys are easily fabricated 
at room temperature either in the 
as-worked or annealed state. Both 
have excellent weldability, with 
ductile welds and little or no ten- 


PROPERTIES OF 
COLUMBIUM-BASE ALLOYS 





| 
| 


Type=> 80 | 82 





PHYSICAL PROPERTIES 
Specific Gravity, Ib/cu in. 0.311 0.371 
Melting Point, F 4350 4550 


MECHANICAL PROPERTIES 
Tensile Strength, psi 62,000 | 80,300 
Elong (in 2 in.), % 3 3 
Rockwell Hardness F100 F107 








aTests performed on 0.040-in. thick sheet in 
the as-rolled condition. 








DESIGNED IN CELANESE FORTIFLEX... 


Hose armored with Fortiflex filament helps 
Eureka make tough cleaning jobs go lightly 


Because the outer braid is woven of Celanese Fortiflex filament, this hose is strong 
and abrasion-resistant. It’s easier to use—lighter, more flexible—thanks to the 
thin wall section made possible by the high strength of Fortiflex. Smooth, colorful, 
with a handsome pattern in the weave and a surface that is easily cleaned, this TYPICAL PROPERTIES OF FORTIFLEX FILAMENT 
hose typifies the advantages Fortiflex filament has to offer designers. (12-mil gauge) 
. . . ¢ Ss fi i ‘ 
Fortiflex, a linear polyethylene, has much greater stiffness, hardness, strength pecitic Gravity 0.950 to 0.960 
; . , : —/ : ’ . Tenacity (grams/denier) 4.5 to 8.0 

and heat-resistance than the chemically-similar soft polyethylenes. For example, Tensile Strength, psi 55,000 to 100,000 
Elongation, per cent 14 to 30 

P me on : ‘ . 3 Knot Strength, psi 40,000 
tensile strength, toughness and durability. The high tenacity of the filament is Loop Strength, psi 60.000 
Water Resistance Excellent 
Ultraviolet Stability Good* 


*When properly pigmented and stabilized 


it can be sterilized in boiling water. Filaments drawn from this material have high 


partly due to a multiple stretching process. This orients the molecules, aligning 
them in the direction of stress. The high strength of the filament is accompanied 
by low elongation and excellent low-temperature resistance. Here is a design material 


Feietieieeteetanientantentanienteetadietenten 


which is ideal for making hoses, automotive seat covers, outdoor furniture 
webbing,* industrial filter cloths, fishing nets* and many other products. Celanese Corporation of America, Plastics Division, 


Dept. -4 744 Broad Street, Newark 2, N. J. 


Celanese supplies Fortiflex plastic for further processing into fibers. We'll be Please [_] More information on Fortiflex filament. 
glad to put you in touch with manufacturers who produce and sell the filament, | send [_] Names of manufacturers. 

and we welcome inquiries as to properties and applications of Fortiflex oo 

filament. Simply clip and send us the coupon at right. Celanese® Fortiflex’ 
j Title 


’ - Company 
Fortiflex...a C Pelaunese plastic | i. 
‘ic 


Canadian Affiliate: Canadian ChemicalCompany Limited, Montreal, Toronto, Vancouver. 


Export Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Avenue, New York 16. City 


| 
| 
For more information, turn to Reader Service card, circle No. 444 | 
| 





2 This lining 
of TEFLON® 


makes Fluoroflex-T 
pipe permanently 
corrosion -proof 


SING the pipe lining material that handles 
highly corrosive fluids is only half the job. 
Keeping it in place, despite wide temperature 
fluctuations, is equally important. Fluoroflex-T 


ELEVATED TEMPERATURE PROPERTIES 
OF FANSTEEL 82+ 





Tensile Strength, psi 
2000 F in Argon 44,700 
2000 F in Air 29,600 
2400 F in Air 11,700 


Yield Strength, psi 
1600 F in Air 39,600 
2000 F in Air. 


Elongation (in 2 in.), % 
1600 F in Air 
2000 F in Argon. . 
2000 F in Air 











Type S piping solves both problems... 
assuring unequalled pipe and fitting life. 


Lining is universally inert to all corrosives. 
It’s made of Fluoroflex-T, a high density, 
non-porous compound® of virgin Teflon. 


Liner and housing in thermal equilibrium, through 
an exclusive process developed by Resistoflex. 

It compensates for thermal expansion 

differential between the Teflon and housing, 
eliminating fatigue collapse, and cracking at the flare. 


Bulletin TS-1A gives more details. Write Dept. 171, 
RESISTOFLEX CORPORATION, Roseland, N. J. 
Other plants: Burbank, Calif.; Dallas, Tex. 


* Pat. No. 2,752,637 


®Fluoroflex is a Resistoflex trademark, reg., U.S. pat. off. 
@Tecflon is DuPont's trademark for TFE Fluorocarbon resins. 


RESISTOFLEX 


For more information, turn to Reader Service card, circle No. 427 
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aTests performed on specimens prepared 
from swaged rod. 


dency to fracture in the heat affected 
zones. The ductile-to-brittle transi- 
tion temperatures in the annealed 
state are well below room tempera- 
ture, according to the producer. 


Nickel-Base Alloy 
Resists Fluoride Salts 


A new nickel-base alloy, developed 
as a container material for molten 
fluoride salts, is now being produced 


PROPERTIES OF HASTELLOY N SHEET 





COMPOSITION, % Cr 6.0-8.0, Mo 15.0- 
18.0, Fe 5.0, Si 0.5, 
Mn 0.8, C 0.04-0.08, 
B 0.01, S$ 0.03, Al+- 
Ti 0.5, Ni 67.0-72.0 


PHYSICAL PROPERTIES 
Density, Ib/cu in 0.317 
Melting Point Range, F 2370-2430 
Ther Cond (212 F), Btu/hr/sq ft/°F /ft... 66.7 
Spec Ht, Btu /Ib/°F 0.095 
Elec Res, microhm-cm .. .139 


MECHANICAL PROPERTIES= 
Ten Str, psi 
Rm Temp 115,100 
1300 F 69,600 
1700 F 34,000 
Yid Str (0.2% offset), psi 
Rm Temp 45,500 
1300 F 31,600 
1700 F 25,900 
Elong (in 2 in.), % 
Rm Temp 50.7 
1300 F 30.0 
1700 F 30.0 
Mod of Elast, 10° psi 
Rm Temp 31.3 
1300 F 27.0 
1700 F 18.2 


aTests performed on 0.063-in. thick sheet heat 
treated at 2150 F, room air cooled. 











in use today 

in the . 
1200°- 1800°F f — 
range = 


Be oe Bie 
¥ ee eee ene 


In all ways, René 41 is a remarkable alloy. No other 
high-temperature alloy used in production today 
equals its tensile strength. In other properties, too, 
René 41 is far ahead of the field. 

Also important, this nickel-base, vacuum-melted 
alloy is easy to work with. It’s readily formable by 
drawing, bending, spinning — welds to similar or 
dissimilar materials. 

Cannon-Muskegon offers René 41 in standard 
36"x 96” sheets .015” to .125” thick, in smaller sizes 
down to .010", in bar stock up to 3” in diameter... 


DUCTILITY 


E 
sTRESS RUPTURE LIF 


OXIDATION RESISTANCE 





YIELD STRENGTH 





foil down to .001 in thickness... and fine wire only 
.0015 in diameter. 


For complete details, write for Technical bulletin 
No. 86. 


*TM of General Electric Co. 


Bay 
Urea Mrr 


VACUUM ALLOYS 


CANNON-MUSKEGON CORPORATION 


2873 Lincoln Avenue * Muskegon, Michigan 


METALLURGICAL SPECIALISTS 


For more information, turn to Reader Service card, circle No. 408 
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4000 ft. 


O// a t/a 
Pipe 


System... 


makes big savings, 
proves acid 
resistant 


At the Allentown (Pa.) Works of the Western Electric Co., the entire 
waste acid disposal system in the recent addition consists of Van-Cor 
rigid PVC pipe and fittings. 

HOW COSTS WERE CUT. Initial price of Van-Cor was \% that of com- 
parable cast iron alloy pipe. On a 6” line, labor costs were estimated 
at 29¢ per foot of run—about half that of metallic pipe. Also, because 
Van-Cor has only 1/10 the weight, no mechanized handling equip- 
ment was needed. Available in 10 or 20 ft. lengths, Van-Cor requires 
fewer joints, and eliminates the breakage problem. 

CORROSION LICKED. Van-Cor pipe was used because “corrosion 
resistant” cast metallic pipe had performed short of expectations 
in an adjacent building. After 1% years service, the Van-Cor system 
is in excellent shape, unaffected by such acids as hydrofluoric, hydro- 
chloric, sulphuric, nitric and many plating solutions. 

Investigate Van-Cor Pipe, Fittings, Valves, Electrical Conduit, and 


Fabrications... 


Write for Catalog and Name of Nearest Distributor 


BR: 45° 


INDUSTRIAL DIVISION OF 


COLONIAL PLASTICS MFG. CO. 


Subsidiary of THE VAN DORN IRON WORKS CO. 
2685 EAST 79TH STREET CLEVELAND 4, OHIO 


For more information, turn to Reader Service card, circle No. 393 


166 * MATERIALS IN DESIGN ENGINEERING 


CORROSION RESISTANCE OF 
HASTELLOY N SHEET 





Conc, | Temp, | Penetra- 


Chemical | & F tion, 
by wt mils/yr 





Room 1.2 
| 150 


Hydrochloric Acid | 2 
fg. 

| 5 Room. . 
| 5 
2 
3 


150 
Room 
Room. . 


Sulfuric Acid 5 Room 
5 150 
25 Room 
25 150 
50 Room 
96 Room 


Ferric Chloride | 2 Room 


10 Room. . ' 
10 150 1.2 
30 Room 0.9 
30 150 1.3 
85 Room 0.6 


Phosphoric Acid 


Hydrofluoric Acid | 5 Room 1.5 
25 Room 3.0 

45 Room 4.6 

Acetic Acid 10 Room 1.0 
10 150 2.7 

50 | 150 2.5 

99 Room 0.7 

‘._=_.. 0.7 








on a developmental basis by Haynes 
Stellite Co., Div. of Union Carbide 
Corp., 420 Lexington Ave., New 
York 17. An outstanding character- 
istic of the alloy is its good resistance 
to embrittlement upon continuous 
exposure to temperatures is high as 
v600F. The material, called Hastelloy 
N, evolved from work done at Oak 
Ridge National Laboratories. 

The alloy can be supplied to order 
in the form of sheet, plate, bar, wire 
and coated welding electrodes. It can 
also be supplied as sand, shell and 


MECHANICAL PROPERTIES OF 
HASTELLOY N CASTINGS* 


T 





Process => Sand | Investment 





Ten Str, psi......... 86,800 86,400 
Yid Str (0.2% offset), psi. .| 40,200 37,300 
Elong (in 1 in.), %....... 22.0 | 16.8 
Mod of Elast, 10° psi 26.2 43.0 


aHeat treated 30 min at 2150 F, room air 
cooled 











eustisnco ey DODGE STEEL COMPANY — 
6501 Tacony Street, Philadelphia 35, Pa. — 


THE DODGE STEEL 


BUSINESS MAGAZINE EDITION 


How to design better steel castings 





Here are a few tips on how you can obtain better steel 


castings through improved specification practices and 


design techniques. By observing these basic suggestions, 
Do ] d to] DD 


you can design steel castings that meet strict service 


requirements, and save time and money, too! 


A SOUND APPROACH 


Where steel castings are concerned, 
efficient design goes well beyond 
merely creating a strong, attractive 
product. Too often, high unit costs, 
wasteful rejects, and time-consum- 
ing machining problems are designed 
into a steel casting before it reaches 
the foundry! Here’s how to avoid 
some of these costly pitfalls: 


It is important to establish specific 
service conditions for the casting. 
And, an accurate determination of 
critical requirements may make all 
the difference in the degree of 
quality as well as economy you 


achieve. 


Unnecessary close dimensional 
tolerances in your design and undue 
variation of metal thickness will 
result in increased labor and mate- 
rial costs. If possible, contact your 
foundry when reducing the quantity 
of metal in your casting or when 
you have a complicated design. 
Sometimes thin metal sections and 


complexity is costly. 


SELECT THE METAL 


Before making your final design, it 
is wise to make a tentative choice 
of the steel to be used. A design 
adequate for one type of steel can 
cause trouble for another. The prop- 
erties of steels—ranging from low- 





Send for NEW 
DODGE PRODUCTS BULLETIN 


This new 8-page Dodge Products 
Division bulletin is a “must” for 
those interested in. securing the 
services of a complete manufac- 
turing organization. It tells you 
how you can benefit by the research, 
development, and manufacturing 


product—are described. Typical 


facilities of this specialized division 
of Dodge Stee! Company. The 
diverse engineering and production 
services—from idea to finished 


products, ranging from small 
machined, heat-treated components 
to large and complex special equip- 
ment, are shown. 


Among the numerous facilities 
covered are milling and drilling, 
turning, testing and drafting, bor- 
ing, welding, additive finishes, jigs 
and fixtures, etc. Send for your free 
copy today! Ask for Bulletin 658. 








carbon varieties to high-alloy steels 
—vary widely in toughness, dura- 
bility, and ductility, as well as in 
machining and weldability. 


Accurate evaluation of service con- 
ditions can improve your choice. 
Steel castings are usually supplied 
normalized and drawn. Quenching, 
tempering, and hardening produce 
a broad range of properties which 
are best considered before making 
your final selection. Once the proper 
steel is chosen, a design tailored to 
its particular characteristics will 
often simplify foundry techniques. 


IMPORTANT POINT 


Discussing your proposed design 
with your foundry is highly impor- 
tant where costs are concerned. It’s 
a rare case where suggestions can’t 
be made that will simplify foundry 
practice and cut down on labor or 
material. We will be happy to have 
a Dodge Steel Casting Engineer 
discuss your design problems with 
you without obligation. 


For more information, turn to Reader Service card, circle No. 445 
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Light your. way to bigger appliance 
sales with Lancaster glass parts 
Highly versatile in design application 
yet relatively low in cost, custom-made 
lighting components add practical 
features that can be demonstrated 
effectively, extra beauty the buyer will 
appreciate. In short, you will win 
friends and influence prospects at 
the vital point-of-sale 

Our lighting engineers can help you 
create new product applications 
assist you with special assembly 
optical or engineering problems. Put 
this expert knowledge to work for 
you, write Lancaster Glass Corporation 
Lancaster, Ohio, or call OLive 3-0311 


For more information, turn to Reader Service card, circle No. 431 
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Elongation of sheet and investment 
casting made of Hastelloy N. 


investment castings. 

The nickel-base alloy has good 
oxidation resistance in air and shows 
promise for continuous use at tem- 
peratures up to 1800 F. Intermittent 
use at temperatures up to 1900 F 
may also be possible, depending on 
other conditions, 

Alloy N has good weldability and 
can be readily forged, according to 
the producer. The hot working range 
1600 and 2150 F. The 
alloy has extruded and pro- 
duced in the form of seamless and 
welded tubing. 


is between 
been 


New Silane Improves 
Plastics Laminates 


An amino-functional silane has 
been developed that reacts with both 
organic and inorganic materials to 
unite them in a strong, durable 
bond. The silane, when used as a 
coupling agent between glass cloth 
and organic resins in phenolic, epoxy 
and melamine laminates, improves 
the flexural and compressive 
strengths of the laminates, and re- 
duces the effect of water on physical 
and dielectric properties. The new 
product, called Z-6020, is now com- 





VINYL-METAL LAMINATES 


(Advertisement) 


IN DESIGN 








The broad effect of CLAD-REXo 
on industrial design, engineering, 
and selection of materials 


Reaction to the potential offered by 
vinyl-clad metals is contradictory. The 
potential advantage is so broad that 
it’s hard to believe. But, when full real- 
ization does begin to develop, enthu- 
siasm tends to go too far! 

Therefore, your vinyl-clad metals 
data file should be assembled with 
care. Know exactly what you are con- 
sidering, when to use it, and how. 

Clad-Rex is a vinyl-metal laminate. 
Specifically, a calendered, semi-rigid 
poly-vinyl chloride film bonded to 
sheet metal. All alloys and tempers of 
aluminum and steel (including gal- 
vanized and aluminized) are com- 
monly used. However, other metals 
can be used where their special prop- 
erties are important to end product 
performance. 


The sales appeal of Clad-Rex 
vinyl-metal laminate 


The words calendered and film mean 
styling in Clad-Rex is unlimited, be- 
cause film can be printed. Simulated 
wood-grains and leathers, as well as 
any color, combination of colors, tex- 
ture or pattern can be used. Or you 
can design your own, if you prefer. 


This unlimited choice ranges from 
sparkling burnishes including high 
metallics, to non-reflective matte fin- 
ishes (or variations between) as well. 


The abrasion resistance of Clad-Rex 
vinyl-metal laminates 


The words semi-rigid and poly-vinyl 
chloride film mean Clad-Rex has un- 
usual resistance to abrasion. Therefore, 
products made of Clad-Rex are more 
durable and suited to usage where 
abrasion resistance is required. 


However—most important to man- 
ufacturing—Clad-Rex can be processed 
without the careful handling or rejects 
common to other pre-finished metals. 
This advantage in itself results in a 
substantial saving in cost. Even the 
finishing of unfinished metals leads to 
a reject factor that becomes a savings 
when Clad-Rex is used. 


The corrosion resistance of 
Clad-Rex vinyl-metal laminates 


The words poly-vinyl and chloride be- 
come important again, because of the 
inherent properties of the Clad-Rex 
vinyl. It provides excellent resistance 
to acids and alkalis, as well as other 
corrosive chemicals. It also has high 
dielectric properties. 


The fabrication of Clad-Rex 
vinyl-metal laminates 


Clad-Rex can be formed in almost as 

many ways as any unfinished sheet 

metal—including deep drawing! 
Resistance welding, generally, is 


limited to projection techniques. 











However, the resistance welding equip- 
ment must be (1) tooled for series 
welding procedures (both electrodes 
on same side of sheet), and (2) capa- 
ble of very short weld times with 
extremely fast follow-up of forging 
pressure. 


Epoxy resins are proving quite suc- 
cessful for assembly. Clamps can be 
eliminated by using resistance weld 
tacking or interlocking design. 


The cost advantage of Clad-Rex 
vinyl-metal laminates 

As a purchased material going into a 

user's plant, vinyl-metal laminates cost 

more than unfinished or some other 
pre-finished metals. But, most impor- 
tant, end products made of Clad-Rex 
generally cost less! 

The reasons are worthy of close ex- 
amination: 

(1) Parts made of Clad-Rex require no 
further finishing. This is a savings 
in equipment, finishing material, 
factory floor space, labor, han- 
dling, ete. 

The abrasion resistance of Clad- 
Rex substantially reduces (and 
often eliminates) rejects. This in- 
cludes both rejected products and 
the expensive handling, reworking 
activities, and labor required. 
The broad effect of Clad-Rex vinyl- 
metal laminates on manufacturing lit- 
erally simplifies your processing oper- 
ations. Movement of sub-assemblies, 
etc., through your plant actually be- 
comes more direct—out of your dies 
into assembly! 


A source of engineering and 

manufacturing service for you 

Clad-Rex interest in helping you ex- 
tends into your own plant. Free of 
charge, a Clad-Rex Fabricating En- 
gineer is provided to show your pro- 
duction people how easy it is to process 
Clad-Rex. 

Furthermore, Clad-Rex operates a 
fully staffed and equipped research 
laboratory. Its facilities are devoted to 
customer service as well as improving 
Clad-Rex itself. 

Write and describe your product. 
See how Clad-Rex can work its broad 
effect on industrial design, engineering 
and selection of pre-finished metals in 
your product. Clad-Rex Division of 
Simoniz Company, 2109 Indiana Ave- 
nue, Chicago 16, Illinois. Telephone: 
Victory 2-7272. 


For more information, turn to Reader Service card, circle No. 470 


AUGUST, 1959 « 169 





“EVERYTHING IN CARBON BUT DIAMONDS" 


SEAL RINGS @ BEARINGS e ROCKET NOZZLES ¢ ELECTROCHEMICAL CELL ANODES © FLUXING 
TUBES ¢ BRAZING BOATS & TRAYS ¢ CATHODIC PROTECTION ANODES e RISER RODS @ VOLTAGE 


No Other Material Can Do 
ANY of These: | 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


Withstand immersion in water from 4,000°F 
without cracking. 


Resist surface atmospheric action while retain- 
ing constant and reproducible contact resist- 
ance. 


Be readily processed to provide.low friction 
(graphite) or high friction (carbon) or any de- 
sired intermediate value. 


Withstand electric arcing in contacts, lightning 
arresters and similar applications without ap- 
preciable dimensional changes. 





Serve as an electrical conductor which is readily 
machinable and can operate satisfactorily up | 
to 6,000°F. 


No Other Material Can Do 
ALL of These: | 


Resist corrosive action of most gases and 
chemicals. 


| 
| 


Serve as a semi-permanent, readily-formed 
mold for casting metals or glass. 

Act as a seal ring around a moving shaft to | 
retain liquids and gases. 
Operate as a sliding contact on commutators | 
and slip rings. 

Serve as a bearing material for vacuum appli- 
cations or as an insert in ordinary bearings. 


Operate as a friction unit in constant-speed 
clutches. 





Serve as a non-welding contact, either by itself 


or in combination with other metals. | 
| 
| 


EFFECT OF Z-6020 ON 
PHENOLIC-GLASS LAMINATES 





Type »> Modified* | Unmodified 








REGULATOR DISCS ¢ ELECTRICAL CONTACTS ¢ HEATING ELEMENTS & ELECTRODES e¢ TUBE 
ANODES © BRAZING TIPS © RUN-OUT TABLE SLABS ¢ MOTOR & GENERATOR BRUSHES © FRICTION 


SEGMENTS @ PUMP VANES @ POROUS CARBON... 


and many more. 


For more information, turn to Reader Service card, circle No. 412 
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Fiex Str, psi 
Dry 75,000 | 66,000 
Wet... 74,000 | 44,000 

Compr Str, psi 
Dry 64,000 24,000 
Wet 57,000 5,000 

Dielec Str (in oil), 
v/mil 310 310 

Dielec Const (1 mc) 
Cond A 5.7 5.1 
Cond D48/50 5.8 | 16.2 

Dissip Factor (1 mc) 
Cond A 0.021 | 0.012 
Cond D48/50 0.021 0.440 

Surface Res, ohms 
Cond A 4x10” 4x 102 
Cond C96/35/90 0.1 x 102 <1? 

Vol Res, ohm-cm 
Cond A Sey 7 x 10 40 x 102 
Cond C96/35/90 0.5 x 102 <10’ 

Arc Res, sec... 120 Variable 


aPhenolic-glass laminate modified with 0.1% 
Z-6020 silane in the resin. 








mercially available from Dow Corn- 
ing Corp., Midland, Mich, 
Other uses 

Glass insulation—Added to the or- 
ganic resins used as binders for 
glass and mineral wool insulation, 
Z-6020 acts as a coupling agent be- 
tween the resin and the glass or 
mineral wool. It improves the water 
resistance, resiliency and heat re- 
sistance of the insulation, accord- 
ing to Dow Corning. 

Dyeing aid—Glass fibers can be 
dyed with many common wool dyes 
if they are first treated with Z-6020. 

Epoxy curing agent—The silane 
can be used as a curing agent and 
as a diluent for epoxy resins. 

Dispersing agent—Many materials 
can be dispersed more easily in 
water if they are first slurried in 
an aqueous solution of the silane. 

The producer warns that Z-6020, 





M/DE ON MICROFILM 


Back volumes of this magazine are 
now available on microfilm. Volumes 
under our earlier names, Metals & 
Alioys and Materials & Methods, are 
included. Sales are restricted to those 
subscribing to the current paper 
edition. Please address inquiries to 
University Microfilms, 313 WN. First 
St., Ann Arbor, Mich. 














NEW FLAME-RETARDANT EPOXY LAMINATES 
OFFER HIGH STRENGTH-WEIGHT RATIO, LOW LOSS 


Much is being said lately about 
the fabulous epoxies. No better 
use, however, has been made of 
these remarkable resins than 
the development by CDF of new 
improved laminates for electri- 
cal-insulating purposes. 


New CDF epoxy Dilecto laminate exhibits 
flame-retardancy in simple match test. 


CDF epoxy Dilecto® laminates, 
made with either treated glass- 
cloth or cellulose-paper base, 
combine the highest strength- 
to-weight ratio and the highest 
impact strength with low water- 
absorption, low loss properties, 
and improved machinability. 
The new epoxy Di-Clad® lami- 
nates for printed-circuit use also 
display exceptional foil-bonding 
strength, high hot-solder-resis- 
tance, and higher maximum op- 
erating temperatures than pre- 
viously obtainable in standard 
laminates. 


And now permanent flame- 
retardancy and excellent arc- 
resistance are added to many 
grades of epoxy laminates from 
CDF, both GB and XXXP. These 
laminates, known as the EFR 
series, meet NEMA G-11 and 
MIL-P-18177B, Type GEB. This 
combination of properties should 
further widen the range of ap- 
plications for this superior in- 
sulating material. CDF Tech- 
nical Bulletin 11200 describes 
epoxy Dilecto and Di-Clad lam- 
inates in detail. 


CDF SILICONE-RUBBER TAPES 
INSULATE 
ELECTRO-FLEX HEATERS 


Vulcanized “sandwiches” of uncured 
CDF silicone-rubber tape around 
patterns of resistance wire—that’s 
what new Electro-Flex heaters are 
made of. 

Electro-Flex, a CDF customer, 
makes these heaters for pipes and 
valves in the fuel systems of all 
U.S. missiles and rockets. They’re 
used also as storage-drum heaters, 
crystal-oven heaters, and heat-seal- 
ing units. 

The standard Electro-Flex heater, 
which is actually comparable to a 
miniature electric blanket, consists 
of four plies of CDF silicone-rubber 
tape (woven glass-fiber cloth with 
uncured silicone-rubber calendered 
on). Each ply is .010-inch thick. 


Other Electro-Flex heaters are de- 
signed particularly for flexibility or 
for thinness where the application 
so warrants. New uses for these 
tiny temperature-control devices are 
being uncovered every day. CDF 
supplies Electro-Flex with 80% of 
its silicone-tape requirements. Full 
information on CDF silicone-rubber 
tapes is available in Bulletin SR-3. 


SKIVED TAPES 
OF UNSUPPORTED TEFLON 


Four new grades of tape, made of 
skived duPont “Teflon” TFE fiuoro- 
carbon resin, are now available from 


CDF. Excellent electrical proper- 
ties, resistance of all common chem- 
icals, and a low coefficient of friction 
characterize these new tapes, de- 
signed primarily for high-tempera- 
ture and high-frequency wire and 
cable insulation. However, they 
may be used also as stock from 
which gaskets, seals, and miscel- 
laneous small parts can be cut. 
CDF tapes of Teflon range in 
width from 14” to 12” in 14” incre- 
ments, in thickness from .002” to 
100”. Request Technical Bulletin 97. 


NEW CDF LITERATURE «© Bulletins referred to in this advertisement may be obtained from your 
CDF representative, or you may send the coupon below, indicating the Bulletins you want. 


Please send me the following Technical Bulletin(s): 


Bulletin 11200 — CDF epoxy Dilecto and Di-Clad 


laminates 


} Bulletin SR-3— CDF Silicone Rubber Tapes 


Bulletin 97 — CDF skived Teflon tapes 


Title 





Company 





Street Address 





City 


Zone State 
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Thunderbird interior high-styled with 
Colovin vinyl-on-steel laminate 


For second year, Ford speci- 
fies Colovin over other vinyl- 
coated materials to create 
luxurious leather texture and 
exact color match 


Door panels, window mouldings, instru- 
ment panel extensions, package tray, 
bucket seat mouldings, control “con- 
sole” — the entire interior of the ’59 
Thunderbird presents an uninterrupted 
flow of luxurious leather-grained vinyl. 
To achieve this effect, Ford subjected 
a number of materials to rigid testing. 
Only Colovin filled Styling’s require- 


ments of deep-texture embossing and 
exact color matching of upholstery, | 
laminated parts and painted surfaces. | 


Colovin laminate also met every Engi- | 


neering specification. It is machined 
to precise tolerances on standard 
equipment. It requires no finishing, 
painting or costly hand operations. 
In stamping, the vinyl surface acts as 
a natural lubricant. 


Get the whole story in “Colovin Meets | 


Metal.” Laminate samples, colors and 


textures, test specifications, industrial | 
applications, and a list of laminators | 


to whom we supply Colovin vinyl] sheet- 
ing. Mail coupon for copy. 


COLOVIN 


first and finest in vinyl laminate 


COLUMBUS COATED FABRICS CORP., Dept. MD-859, Columbus 16, Ohio 


Please send me your brochure, “Colovin Meets Metal.” 


Name 
Company 
Address 


City 





SS OO 
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like other strong amines, can cause 
serious permanent damage to the 
eyes. It may also cause irritation if 
splashed on the skin. 


3200 F Refractory 
Handles Like Plastic 


H. K. Porter Co., Inc., Refractories 
Div., Porter Bldg., Pittsburgh 19 has 
introduced an 80% alumina-plastics 
refractory material called Pitco 80. 
The material is said to combine all 
of the advantages of monolithic con- 
struction, formerly available only in 
castable and ramming mixes, with 
the advantages of plastics construc- 





Making ductile iron — More ef- 
ficient production of ductile iron 
is now achieved with a new high 
magnesium silicon alloy developed by 
Union Carbide Metals Co., Div. of 
Union Carbide Corp., 535 5th Ave., 
New York 17. The alloy, when used 
with a new technique known as 
“plunging” (shown here), yields 
magnesium recoveries of up to 50%. 
This is said to be about twice as 
much magnesium as can be recovered 
by the conventional open-ladle treat- 
ment where more dilute magnesium 
alloys must be used. The magnesium 
alloy, called EM 55, is placed in a 
refractory basket and plunged into 
a ladle of molten iron. The magne- 
sium vaporizes and bubbles up 
through the metal. Enroute the mag- 
nesium is absorbed by the iron, 
giving ductile iron the composition 
needed for its special properties. 



















There’s a HOLE lot of sense 
in this use of mechanical tubing 


What we're talking about is USS Shelby Seamless Mechanical Tubing. Here’s 
how Industrial Hydraulics Division, Cessna Aircraft Company uses it to boost 
life, simplify manufacture and lower costs in the hydraulic cylinders they 
supply to agricultural equipment builders. We quote from their letter to us: 

“The cut-away cylinder is a unit we furnish to one of our many customers. This 
is a 3%” diameter, double-action cylinder used for mounting on pull-behind tools 
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such as plows, cultivators, and disc harrows. This cylinder uses your Shelby 
Seamless Mechanical Tubing with the I.D. bored to size and roller burnished 
to a finish of approximately six to eight RMS. The expected life of this cylinder 
is in excess of 300,000 cycles, operating at 1,500 psi hydraulic pressure. 

“The other cylinder is furnished to another one of our customers, and is a 
3%” I.D. double-action cylinder with a 13” stroke. Used to raise and lower the 
plattorm of their self-propelled combine, it is similar to the cut-away cylinder 














with respect to finish requirements and material for the barrel. The operating 
pressure is approximately the same and so is the expected service life of five 
years, or 300,000 cycles. Generally these cylinders may be serviced for additional 
use by merely replacing the seals. 

“‘The severe field conditions these cylinders are subjected to are some of the most 
extreme to which cylinders could be exposed.” 

In critical mechanical applications like these, and in an almost endless 
number of fabrications that are essentially tubular in character, Shelby Seam- 
less will ensure improved performance, finer appearance and economical 
production. 

For Shelby Seamless offers more than just a pre-bored hole. It not only 
combines to an exceptional degree the qualities of strength, uniformity and 
dimensional accuracy but, in addition, is readily workable and has excellent 
machining properties. If you want to find out how it can be most effectively 
applied to your designs, contact your nearby Shelby Distributor. 

And remember—USS Shelby Tubing is made by the world’s largest and 


most experienced manufacturer of tubular products. 
USS and Shelby are registered trademarks 
























National Tube 


Division of United States Steel 








Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
United States Steel Supply Division + United States Steel Export Company, New \ork 





For more information, circle No. 430 
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Torrington on 


SMALL PRECISION 
METAL PARTS 





“‘Custom manufacture” has many meanings to the Specialties engineers here 
at Torrington. One of our customers, for example, may require a part having 
fairly wide tolerances of several thousandths. The very next job on an 
engineer’s desk may present a real challenge, calling for a complex series of 
manufacturing operations and a precision measured in ten-thousandths. 
Torrington’s unmatched experience, engineering skills and facilities are ready 
to serve you whatever your particular requirements might be. 


A comparatively simple job now going 
through calls for train axles for HO 
gage model equipment. The length 
tolerance is held to .010’ and the 
diameter tolerance is .002’’. Our engi- 
neers complete the whole operation 
on super high-speed blanking ma- 
chines designed by Torrington which 
operate at much greater speeds than 
available with other commercial 
equipment. Result... substantial 
savings on a low-cost, high-volume 
item for our customer. 

In contrast to this, a current con- 
tract with one of America’s leading 
clockmakers calls for a balance shaft 
with a diameter tolerance of .0005”. 
If the shaft is supported at the points 

i 





and rotated, the OD must rise and 
fall a maximum of .0015” during one 
revolution. Specialties engineers meet 
these more demanding specifications 
with a machine that will cut, form 
and mill in a single high-speed oper- 
ation perfected by Torrington. Usual 
expensive burnishing is replaced by a 
much faster and far less expensive 
method to produce a fine finish. Re- 
sult ... another example of our ability 
to adopt new methods in solving a 
customer’s problem economically. 

A special engineering department 
is maintained by the Specialties Di- 
vision to help you solve any problems 
involving small metal parts. If re- 
quired, our highly experienced and 
skilled engineers will help you design 
the part for most efficient and eco- 
nomical production. More and more 
manufacturers are turning to special- 
ized Torrington service. If small pre- 
cision metal parts are your problem, 
just circle our number on the reply 
card, call our area salesman, or write 
direct to: 


TORRINGTON SPECIAL METAL PARTS 


Makers of Torringten Needle Bearings 


For more information, turn to Reader Service card, circle No. 385 
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tion. Outstanding characteristics of 

the new material are: 
It withstands temperatures up 
to 3200 F. 
It is air and gas tight. 
It has good thermal shock re- 
sistance. 

4. It is easy to install. 


5. It withstands heavy loads 


The alumina-plastics refractory is 
expected to be used as a lining ma- 
terial in aluminum reverberatory 
and electric furnaces. Other expected 
uses: burner blocks, desulfurizing 
forehearths, holding ladles and boiler 
target walls. 


Other News... 


Metals 

> Jones & Laughlin Steel Corp., 3 
Gateway Center, Pittsburgh 30 has 
announced that its alloy steel 
“Jalloy” is now available in four 
hardness ranges. Copper has also 
been added to the alloy to provide 
additional resistance to atmospheric 
corrosion. 


>» Low cost, light-wall stainless steel 
fittings and flanges designed for 
nominal temperature, low pressure, 
noncritical process piping have been 
introduced by Tube Turns Div., 
Chemetron Corp., 2929 Magazine St., 
Louisville 11, Ky. The new line, 
called Pipe-Mate, is available in 
sizes from % to 4 in. 


> Eight bars of ferrous materials, 
whose oxygen and nitrogen content 
have been precisely determined, com- 
prise a new type of standard sample 
now available from Standard Sample 
Clerk, National Bureau of Stand- 
ards, Dept. of Commerce, Washing- 
ton 25, D. C. The fee is $10 per 
sample. 


> New porous metal filter disks, con- 
structed completely of stainless steel 
fibers, have been introduced by Puro- 
lator Products, Inc., Rahway, N. J. 
The disks measure 1/16 in. thick x 
10 in. o.d. x 3 in. i.d. 


Nonmetallics 

>» Laminac 4104 is the name given to 
a new polyester resin designed for 
use in glass-reinforced plastics parts 
operating at temperatures up to 
400 F. The resin, suitable for such 
applications as aircraft heating 
ducts, is available from American 
Cyanamid Co., Plastics and Resins 











ideas on “Customeered ” 


RUBBER PARTS 


“Customeered” 
components 
basic to industry 


.-- their design and application for improved product performance No 1 





New ORCO continuous process now custom molds 
precision rubber parts in volume—at less cost! 





Precise tolerances within +0.003 in. 
are now possible in large volume 
production of custom-molded rubber 
component parts. Ohio Rubber’s new 
high-speed, continuous molding process 
produces such parts at rates of up to 
200,000 pieces per day. 


Greater precision, which results in 
important savings on finishing costs, is 
assured through use of single-cavity, 
self-registering molds. They permit 
accurate, uniform application of pres- 
sure to minimize flash—maintain con- 
sistent tolerances for all dimensions, 
Uniform material thickness is equally 
assured by a plasticizing mill, which as 
an integrated part of the process directs 
uniform charges to each mold. 


Direct feeding, from the mill to the 
mold wheel, eliminates the conventional 
intermediate extrusion step and further 
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High-precision is indicated in the close toler- 
ances of this quadruple-landed seal for auto 
shock absorbers— more economically produced 
in volume through Ohio Rubber’s new high- 
speed, continuous molding process. 


Wide range of parts being more economically produced through Ohio Rubber’s new molding process 
include (top, left to right): valve stem deflector, condenser seal, (bottom) seal piston rod packing, 
universal joint seal, and oil seal. These, like all the many other small, precision parts already produced 


or being produced, vary in dimensions up to 11’ 


‘in diameter and 1” in thickness. 





insures part uniformity and quality 
consistent with specifications. The con- 
tinuous process permits precise control 
of time and temperature for each part. 


Large volume production results in 
substantial cost savings for small, 
precision parts requiring tolerances 
obtainable by other precision molding 
processes. For parts formed by less 
precise, conventional methods, per- 
formance can be improved through 
greater accuracy—and without prohibi- 
tive increase in cost. 

Quantity requirements involving 
500,000 or more parts annually are 


recommended for most advantageous 
use of the new process. Since two simi- 
lar parts of different size can be pro- 
duced simultaneously by alternating 
the molds on the molding wheel, lower 
production runs which might not be 
economical can be combined with a 
separate order. 


Complete information on this revo- 
lutionary new process is available in 
bulletin form. Send for your free copy 
today. At the same time, be sure to 
inquire about Ohio Rubber’s complete 
component “Customeering” service— 
molding, extruding, and bonding-to- 


metal. Just mention ORCO Bulletin 715. 
9DE1 


Quio RusserR COMPANY 





DIVISION OF 


WiLLouGcHuey, QOuio . 


THE EAGLE 


-PICHER 


COMPANY PICHER 


For more information, turn to Reader Service card, circle No. 454 
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| buy from a 
STEEL SERVICE CENTER. 
Why don’t you ? 





Steel Service Centers throughout the country 
have built up their inventories in anticipation of a 
suspension in steel production. These stockpiles 
totaling almost 3,600,000 tons are valued at %4 
billion dollars. If you have been using a steel 
service center as your source of supply—you can 
thank your lucky stars—because chances are they 
will still be able to fill your requirements. 

Each distributor’s representative is a metal spe- 
cialist and is qualified to assist you with applica- 
tion and supply problems. 

MICROROLD STAINLESS STEEL is regularly car- 
ried in stock in 252 of these independent steel 
warehouses. Washington Steel is a producer of 
sheet and strip exclusively, all of which is preci- 
sion rolled on Sendzimir mills. 


WASHINGTON STEE 
CORPORATION 


8-F Woodland Avenue, Washington, Pa. 


For more information, turn to Reader Service card, circle No. 479 
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Div., 30 Rockefeller Plaza, New 
York 20. 

>» A specially compounded thermoset- 
ting plastic resin is said to effective- 
ly seal pores in powdered metal 
parts. The resin, called Sinter-Seal, 
withstands temperatures up to 400 F, 
and has good resistance to plating 
solutions, moisture and oil. It is 
available from National Sinter-Seal 
Co., 609 Seneca Industrial Center, 
Buffalo 10, N. Y. 


> A new grade of laminated plastic 
made from glass cloth impregnated 
with TFE resin is available from 
Continental-Diamond Fibre Corp., 
Newark 107, Del. The material, 
known as Dilecto GB-108TED, is 
designed for corrosive applications 
such as gaskets and seals, and for 
flexible electrical insulation such as 
radar windows and printed circuits. 


> A vibration dampening material, 
composed of asbestos fibers bonded 
with chlorinated rubber, is available 
in sample quantities from Arm- 
strong Cork Co., Industrial Div., 
Lancaster, Pa. The material, desig- 
nated No. 881-658FF, is recom- 
mended for use in applications re- 
quiring high damping efficiency at 
moderately high temperatures. 


> Development of a new acrylic-type 
themoplastic resin has been an- 
nounced by J. T. Baker Chemical 
Co., Phillipsburg, N. J. The resin, 
designated PL-12, has a heat distor- 
tion point of 240 F, a flexural modu- 
lus of 415,000 psi and a notched Izod 
impact strength of 1 ft-lb per in. 


Finishes 

> Development of a new solvent or 
alkali removable coating for in-shop 
protection of metallic and nonmetal- 
lic surfaces during storage, forming 
and fabricating operations has been 
announced by Turco Products, Inc., 
6135 S. Central Ave., Los Angeles 1, 
Calif. The product, called Fabrifilm, 
is moisture and corrosion resistant. 


>» An organic-ceramic coating called 
L-154 has been developed by Dyna- 
Therm Chemical Corp., 3813 Hoke 
Ave., Culver City, Calif. for use at 
high temperatures. The new coating 
can be applied by conventional spray 
equipment. The producer says no 
enameling or atmospheric curing 
ovens are required. 


> Rigid or flexible glass-like coatings 
on metallic and nonmetallic materi- 
als can be obtained by using a new 
polyurethane coating called Poly- 
Form. The dried coating is said to 
have good resistance to heat, abra- 





Aluminum or zinc clad steel 
by production metallizing 


e@ any shape or size 
e unlimited thickness 
e no heat distortion 


Modern metallizing provides the 
product engineer with an ex- 
tremely flexible, practical method 
of producing aluminum or zinc 
clad steel parts. High speed, auto- 
mated metal spray equipment 
applies these coatings to practi- 
cally unlimited thicknesses on any 
shape or size part without heat 
distortion. 


a typical example 


problem: provide uniform heat 
distribution on thin steel shell 


The excellent sanitary qualities of 
stainless steel make it an extremely 
desirable material for cooking 
utensils. But with the compara- 
tively thin, drawn shells (.020” to 
.050”— varying by manufacturer), 
uniform distribution of heat pre- 
sents a problem. 


The solution is being provided for 
a number of high-volume manu- 
facturers by metallized aluminum. 
Surface preparation is by grit- 
blasting as the shells rotate on a 
spindle. Metco Aluminum is then 
sprayed on the bottom, with auto- 
mated traverse equipment, to 
closely controlled thicknesses 
(from .040” to .120”, depending on 
the particular utensil and its man- 
ufacturer). Thesprayed aluminum 
is carried up the sides beyond the 
radius and is tapered off according 
to individual design. 


This is but one of many solutions 
to fabrication problems offered by 
sprayed metals to design engi- 
neers. In addition to the aluminum 
example given, zinc is also com- 
monly used for corrosion-proofing 
in many production applications, 
such as steel capacitor cases, re- 
frigerator parts, pole line hard- 
ware, etc. Sprayed zinc is also 
used to replace coatings burned, 


threaded, or machined off during 
fabrication. 


For a round-up of some typical 
applications and engineering data 
on the characteristics of metallized 
coatings, write for Bulletin 
No. 136-A. 


FREE 
BULLETIN 


STAINLESS STEEL 


Qe et. @ 2a", ©. 6 
RO SIS 


SPRAYED ALUMINUM 


METCO—Reg. U.S. Pat. Of. 


Metallizing Engineering Co., Inc. 


117 Prospect Avenue, Westbury, Long Island, N. Y. 


in Great Britain: 


* cable: METCO 
Telephone: EDgewood 4-1300 


METALLIZING EQUIPMENT COMPANY, LTD.—Chobham near Woking, England 


Mr. Donald A. Watson 
Metallizing Engineering Co., Inc. 


Name 


1175 Prospect Avenue, Westbury, Long Island, New York 


Please send me [] Bulletin 136-A 





Company 





Address 
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COPPER, TIN, LEAD, ZINC BRONZES 


You machine better and faster with 


SHENANGO CAST BAR STOCK 


Because Shenango tubular stock is centrifugally cast, impurities 
and pockets are forced out of the metal in the molten stage. 
Moreover the grain is finer, pressure-dense and more uniform. 
This results in smoother machining, better control, and less 
waste of time and metal. 

Made of high-strength Meehanite metal or long-lasting 
bronze, Shenango tubular stock comes in a complete range of 
I.D. and O.D. sizes. Its lengths go up to 20 feet, depending on 
diameter, which keeps cut-off waste to a minimum. 

While the demand for Shenango bar stock is largely tubular 

. solid round, square, hexagonal, rectangular and other 
special shapes are readily available. 

It will pay you to specify Shenango bar stock for longer 
wear, greater strength, fewer rejects . . . and lower over-all 
cost. For full information, write to: The Centrifugally Cast Prod- 
ucts Division of The Shenango Furnace Company, Dover, Ohio. 


DW iiA | 


MONEL METAL + WNI-RESIST + MEEHANITE’ METAL + ALLOY IRONS 


For more information, turn to Reader Service card, circle No. 404 
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CENTRIFUGAL 
CASTINGS 





ALUMINUM AND MANGANESE BRONZES 


sion, marine corrosion, sun, chemi- 
cals and moisture. The coating is 
available from Poly-Form Mfg. Co., 
P. O. Box 305, Escondido, Calif. 


p» Allied Research Products, Inc., 
4004 E. Monument St., Baltimore 3, 
Md. has introduced Isobrite 623 
Copper Addition Agent for semi- 
bright buff, cyan‘de copper plating 
solutions. It can be used in plating 
steel, zinc, brass and bronze parts. 


>» A new alkyd baking enamel with 
high metallic content has been intro- 
duced under the trade name StaR- 
Mite by Rinshed-Mason Co., Milford 
at Epworth, Detroit 10. The paint 
is recommended for use on automo- 
biles, outboard motors, metal furni- 
ture, office equipment and appliances. 


> Orosen 999 is a 24-carat, acid, 
bright gold solution that produces 
hard, ductile mirror-bright electro- 
plates in either tank or barrel plat- 
ing. The product contains no silver, 
antimony or sulfur compounds, and 
has good resistance to tarnishing. It 
is available from Technic, Inc., P. O. 
Box 965, Providence, R. I. 


> Water-based, ready mixed alumi- 
num-pigmented paints of exception- 
ally high luster have been made 
possible by a new process for incor- 
porating aluminum pigments into 
aqueous systems. The process was 
developed by Metals Disintegrating 
Co., P. O. Box 290, Elizabeth, N. J. 


Joining materials 


>A high nickel brazing alloy for 
high temperature service is available 
from Wall Colmonoy Corp., Stainless 
Processing Div., 19345 John R St., 
Detroit 3. The alloy, called Nicro- 
braz No. 160, has a hardness of 35- 
40 Rockwell C before brazing; it is 
said to be the softest of all nickel- 
base brazing alloys. 

> Heat and corrosion resistant welds 
on nickel alloys, stainless steel and 
low alloy steels are produced by a 
new welding electrode called NiTec- 
tic 222. The electrode, available in 
3/32, 1/8, 5/32 and 3/16-in. dia, was 
developed by Eutectic Welding Al- 
loys Corp., 40-40 172nd St., Flushing 
58, N. Y. 


Testing equipment 

> A new, high temperature, vacuum 
tensile testing furnace for operation 
at 4500 F has been developed by 
Richard D. Brew & Co, Inc., Vacu- 
um Furnace Div., Airport Rd., Con- 
cord, N. H. The unit can be adapted 
to virtually all tensile testing equip- 
ment, according to the developer. 














NEW 


Twenty percent more strength at 1200°F from this 
turbine disc gave added dependability for a West- 
inghouse customer using W-545. This new high- 
temperature alloy will withstand higher stress levels 
than similar alloys at the same operating tempera- 


tures ... or it will withstand equivalent stress char- 
acteristics at 100°F higher operating temperatures. 
Critical high-temperature parts can be made from 
this material that have excellent strength-to-weight 
ratios and can be used at temperatures up to 1350°F 
. . excellent characteristics at —300°F. 
W-545 has proven itself superior for turbine wheels 
. . compressor discs and shafts . . . combustion 
chambers . . . housings and skin materials. W-545 is 
nonmagnetic and has a low strategic alloy content, 











W-545 STRESS RUPTURE 
STRENGTH vs. TEMPERATURE 








PS! 


STRENGTH-1000 
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W-545 TENSILE PROPERTIES vs. TEMPERATURE 


HIGH-TEMPERATURE ALLOY 


W-545 HAS 20% MORE STRENGTH 


permitting ease of fabrication for fasteners . . . rings 

. spacers ... fittings . . . brackets . . . supports 
and mounts. 

The Westinghouse Metals Plant can furnish strip, 
sheet, bar, forgings and forging stock in W-545 and 
other wrought high-temperature alloys. Get all the 
information today; write: Westinghouse Electric Cor- 
poration, Materials Manufacturing Department, 
Blairsville, Pennsylvania. J-05010 


you CAN BE SURE...IF ITS 
Westinghouse 


Wa . we f ¥V MONDA 


For more information, turn to Reader Service card, circle No. 432 
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LOOK 
FOR THE 
DIAMONDS-— SIGN 
OF FINISHING 
QUALITY 


Only 


Process Engineered 








Chromate Conversion Coatings 


Give you 5 additional benefits for Corrosion Protection—Paint Base— Decorative Finishing 


A COMPLETE PROCESS 
ENGINEERED LINE 


Developed for specific applications, there is an 
Iridite to provide the finish you desire, fit the 
equipment you have available and give the 
performance you require. Most Iridite coatings 
meet rigid military and civilian specifications. 


EXPERIENCED TECHNICAL 
SERVICE 


Our large field engineering staff is thoroughly 
familiar with chromate conversion coatings 
and related finishing operations. They'll help 
you check every step in your finishing oper- 
ation to make sure you're getting the best 
possible finish on your products. 


1 


3 PRODUCT AVAILABILITY 


Warehouses located in strategic industrial 


areas enable us to provide you with fast, 
economical delivery on any Iridite. 


4 ECONOMY 


The superior performance of Iridite provides 
low final cost by extending operating life and 
lowering maintenance costs. In addition, 
Iridite gives you a finish that adds considerably 
to the value of your product. There’s an 
Iridite to meet every cost and performance 
requirement. 


RESEARCH AND DEVELOPMENT 
FACILITIES 
If you have an unusual application, we will 
gladly work with you. Our entire staff of 
experienced engineers and chemists, and our 
completely equipped facilities are at your 


IRIDITE—-a specialized line of chromate conversion coatings for non-ferrous 


metals. Apply by dip, brush or spray methods 


at room temperature — 


manually or with automatic equipment. Forms a thin film which becomes 
an integral part of the metal. Cannot chip, flake or peel. No special equip- 
ment, exhaust systems or specially trained personnel required. 


If you are using chromate conversion coatings to finish zinc, cadmium, aluminum, mag- 
nesium, silver, copper, brass or bronze — consider the above benefits of Iridite. For 
complete information, contact your Allied Field Engineer. He's listed under “Plating 
Supplies" in the yellow pages. Or, write for FREE TECHNICAL DATA FILE, 


Allied Research Pr oducts, Inc. 4004-06 EAST MONUMENT STREET ¢ BALTIMORE 5, MARYLAND 
BRANCH PLANT: 400 MIDLAND AVENUE e@ DETROIT 3, MICHIGAN 
West Coast Licensee for Process Chemicols: 1. H. Butcher Co. 


chico core: | QITITD® | CIID" | CIID} ELID°| CIID 
! 


chemical Processes, Anodes, Chromate Clear Plating Chemicals & Line of 


Rectifiers Equipment, and Supplies for Metal Finishing Coatings | Coatings Brighteners Supplies Equipment 


For more information, turn to Reader Service card, circle No. 456 
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2 
A-P-C’s at Your Command 
with Facilities for the 
Finest Craftication” 
in Stainless Steel 


*Craftication means the fine 
craftsmanship typical of A-P-C 
There's virtually nothing too small — 
nothing too large — nothing too 

complex: 

e in deep, unbelievably deep draws 
from a single sheet 
in heli-arc, automatic weldments 
in skillful manual welding 
in fine, close tolerance machining 
in highly polished, mirror-like 
finishing 
in practically any fabricated stain- 
less steel component, or end product 


Stoiniess Steel Refrigerated 
and non-refrigerated storage 
tanks up to 20,000 gal. ca 
pacity 


Formed and welded 
rallied tube 


P 


Tubular heater 


Large tubular manifold 
for submarine 


And our facilities are so versatile we're 
glad to make ONE PIECE OR A MILLION! 
Just a postcard will bring you our new fa- 
cilities catalog — promptly. Write today. 


ALLOY PRODUCTS CORP. 
1070 Perkins Avenue 
WAUKESHA, WISCONSIN 


For more information, circle No. 467 





| the zipper. 


T eflon— 


cont'd from p12 


Second blood reservoir, also made 
from single piece of molded Teflon 
rod, acts as a settling chamber for 
blood before it is oxygenated. 


| even stopped of beating. 


According to Raybestos Manhat- 


| tan, Inc., supplier of the Teflon, all 


parts were milled, machined, bored 


Sump suction reservoir feeds the 
blood from patient’s heart to reser- 
voirs. End plates, interior valve and 
threaded tube leads are Teflon. 


and hand-formed from single pieces 
of molded bar and rod stock. The 
parts were fabricated by B & B 
Mfg. Co. 





‘Tiny Nylon Hooks Make 


What appears in the photo at the 
right to be a tangled mess of hooks 
and threads is actually what is prob- 
ably the most unique closure to 
come along since the invention of 
Already replacing the 
zipper in many clothing applications, 


| the new closure has great potential 


for a wide range of industrial ap- 
plications. 

The closure, which its 
says was suggested to him when he 


inventor 


became entangled in a burr patch, 
consists of two strips of woven nylon 
tape. One of the strips, called the 
hook or male covered 
with a myriad of tiny, stiff nylon 


section, is 


Unusual Closure 


4 deta’ 
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Foaming begins in a seat cushion mold for a 1959 automobile 


POLYETHER URETHANE FOAM 


.. . from Reynolds Chemical, of course! 


DIVISION OF STUBNITZ 


Perfectly cored automobile 
seat cushion emerges from 
squeeze rolls 


Next time, specify polyether urethane foam 
for molded cushioning. Coring is available, 
optionally, at Reynolds Chemical Products 


Company. 


REYNOFOAM* EQUALS OR EXCELS 
FOAM RUBBER IN: 

Price - Weight - Tensile Strength - Cleanability 
Fire Resistance - Dimensional Stability - Aging 
Compression-Deflection Characteristics 


It won’t crumble, shrugs off exposure to light 
and air. Densities range from 11% lb. per 
cu. ft. up to 12 lbs. or more; shrinkage is 
closely controlled. 

Reynolds can deliver commercial quantities 
to your exact specifications. Write to Reynolds 
for information on the expert technical assist- 
ance available to help solve your application 
problems. 


* Reg. trademark 


CHEMICAL 
PRODUCTS 
COMPANY 


GREENE CORP. * Whitmore Lake, Michigan * Phone Hickory 9-936! 
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Blood pressure cuff uses adjust- 
able nylon closure. 


hooks. The other strip, the loop or 
female section, is covered with 
thousands of tiny, soft nylon loops. 
When the strips are 
gether, the hooks and loops engage, 
“creating a highly adjustable, ver- 
satile, secure, lightweight closure.” 
According to Velcro Sales Corp., 
the new fastener is the first to dis- 
tribute stress over a large surface 
instead of at specific points or along 
a straight line. Nylon was selected 
because it is tough, durable and 
flexible. In addition, the nylon strips 
can be sewn, stapled, adhesive bonded 
or heat sealéd. They can be washed 
or dry cleaned. And they can be 
opened and closed over 30,000 times 
with no loss in holding power. 
The fastener is currently being 
tested and used in a number of ap- 
including surgical and 


pressed to- 


plications 


Headrest covers are easy to fasten 
and easy to clean. 





At Boyertown 

Auto Body Works, 
Youngstown Yoloy 
““E”’ Sheets are being 
fabricated into body 
sections for their 
commercial truck line. 


Oeccent on Excellence 


Youngstown Yoloy “E” sheets 








better Ou 
ELIVERY BODIES 


Rev ERTOW 





Send for free technical 
bulletin on Youngstown 
Yoloy “‘E”’ Steel. 


For more information, turn to Reader Service card, circle No. 387 


True value in Boyertown bodies is 
the trouble-free, year-in, year-out 
service they provide. It’s a value that 
starts with skilled craftsmanship— 
using only the best raw materials 
available. 


Boyertown Auto Body Works, 
Boyertown, Pa., specifies Youngstown 
Yoloy ‘“‘E”’ Hot and Cold-Rolled 
Sheets as basic material for both the 
outside and inside panels, as well as 
for certain structural frame members 
such as rear corner posts and roof 
crowns, of their delivery truck line. 
They’ve found this versatile steel’s 
high strength-low weight ratio 
allows design of higher payload 
vehicles. 

Wherever high-strength steel becomes 
a part of things you make, the high 
standards of Youngstown quality, the 
personal touch in Youngstown service 
will help you create products with 

an “‘accent on excellence’’. 


Youngstown 


‘oungstown, Ohio 


THE YOUNGSTOWN SHEET AND TUBE COMPANY 


Carbon, Alloy and Yoloy Steel 





TESTING FOR THE SPACE AGE 


Cadets at the U. S. Air Force Academy in Col- 
orado Springs know the importance of physical test- 
ing. Intensive classroom instruction is supplemented 
with practical laboratory work using a total of six 
Tinius Olsen Universal and Torsion Testing Ma- 
chines. 

We are proud of the role being played by Olsen 
equipment at the Air Force Academy. Hundreds of 
other Olsen testing machines are being used to train 
engineers in colleges and universities throughout 
the country. All of these students, as well as engi- 
neers in research and industrial laboratories every- 
where, know they can depend on Olsen for fast, 


accurate test results. 


A descriptive brochure on Tinius Olsen testing 
equipment is yours for the asking. Write for a copy 


of Tinius Talks today. 


TINIUS OLSEN 


TESTING MACHINE COMPANY 


2010 EASTON ROAD ° WILLOW GROVE, PA. 


Testing and Balancing Machines 


For more information, turn to Reader Service card, circle No. 388 
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medical equipment (see photo), pack- 
aging, filters, electronic equipment, 
conveyor belts, aircraft (see photo), 
appliances, automotive equipment 
and others. 


Stainless Bumpers 
Will Not Pit, Peel 


Automobile bumpers that never 
pit or peel may be a reality within 
the next couple of years, thanks to 
stainless steel. 

Allegheny Ludlum Steel Corp. 
claims that various field tests con- 
ducted over a two year period indi- 
cate that stainless-clad bumpers last 
longer and look better than conven- 
tional chromium-plated mild steel. 
The test bumpers use 301 stainless 
clad on both sides of a mild steel 
base. 

No information is available as to 
when the bumpers might actually be 
used, and no cost figures were given. 
However, automotive companies 
“have expressed interest in stainless- 
clad materials and have been investi- 
gating the use of both clad and 
solid stainless steel for bumpers for 
some time.” 


Glass-Epoxy Laminate 
Cools ’Copter Engine 


Glass cloth-reinforced epoxy lami- 
nates are now being used for the 
contravene assembly on the new 
6-ton Sikorsky helicopter. 

The contravene is a_ stationary 
component mounted directly on the 
engine. It is used to direct cooling 
air from the fan blades uniformly 
over the engine. Specifications called 
for the part to be interchangeable, 
lighter than the previously used 
metal part, and strong. 

Glass cloth-epoxy was selected be- 





DON’T MISS AN ISSUE — Changing 
your address? If so, please let us 
know two months in advance. With 
such notice, which we need for effi- 
cient operation, we will do our best 
to see that you don’t miss an issue. 
Be sure to include your new postal 
zone number. 

















Falcon missiles. travel “‘first class”’ | 
in containers secured by LINK-LOCK 


Before they take to the skies, Falcon air-to-air guided missiles 
are shipped or stored in containers sealed pressure-tight by 
Simmons LINK-LOCK fasteners. 

These precisely engineered fabricated aluminum cases are 
produced to Hughes Aircraft Company specifications by the 
following companies: Vendorlator Manufacturing Co., Fresno, 
California; Allison Steel Manufacturing Co., Phoenix, Ari- 
zona; Avco Corporation, Crosley Division, Richmond, Indiana. 

Features like these make the LINK-LOCK ideal for use on 
military cases made to rigid specifications as well as on inex- 


pensive commercial containers: Half-turn 


* Impact and drop resistant. open or cl 
* Positive-locking without springs. 
¢ High preloading and high load carrying capacity. 


* Compact design—lies flat open or secured. 


* 3 sizes, for heavy, medium, light duty. in | rey fy¥i @) a | ay 


¢ Flexible engagement latch design...can be varied 
to suit different applications. ar ad 1, | ts Mode] ite] 7 walel. | 
North Broadway, Albany 1, New York 
Write for Catalog #1257. Contains complete details of LINK- CS ioe ep 
LOCK and other Simmons Fasteners with unlimited money- ; DUAL-LOCK « HINGE-LOCE 
saving applications. Samples and engineering service available 
on request. 


For more information, turn to Reader Service card, circle No. 423 
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Better strip products 


TT: 
fd 
id 
ff 


from the start with 


Flexograin phosphor bronze 


Uniform, fine-grain Riverside phos- 
phor bronze—Flexograin—is made 
even better through Riverside’s exclu- 
sive continuous-casting process. 


Riverside continuous casting elimi- 
nates porosity and assures a dense, 
homogeneous material that responds 
more readily to forming and develops 
uniformly high fatigue properties not 
attainable with ordinary phosphor 
bronze. 


And Flexograin, being of a naturally 
finer grain structure, maintains the 
ductility and smoothness of finish that 
are unattainable with ordinary phos- 
phor bronze strip. 


Send for free Technical Bulletin 
describing Flexograin and its advan- 
tages in your production. 

Write to Riverside-Alloy Metal Division, 
H.K.Porter Company, Inc., Riverside, N.J. 


RIVERSIDE-ALLOY 


Good riddance to “Swiss Cheese” | 
castings! Riverside continuous-cast, | 


dense bronze offers time savings through 
faster fabrication in addition to improved 
product quality! 


METAL DIVISION 


H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY: with Rubber and Friction Products—THERMOID DIVISION; Electrical Equipment 


DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION; Copper and Alloys—RIVERSIDE-ALLOY METAL 
DIVISION ; Refractories—REFRACTORIES DIVISION: Electric Furnace Steel 
STEEL DIVISION; Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE | 


DIVISION, MOULDINGS DIVISION, H. K. PORTER COMPANY de MEXICO, S. A.; and in Canada, Refractories, “Disston” 
Tools, “Federal” Wires and Cables, “Nepcoduct” Systems—H. K. PORTER COMPANY (CANADA) LTD. 


For more information, turn to Reader Service card, circle No. 502 
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CONNORS STEEL DIVISION, VULCAN-KIDD | 


Union Carbide riastics Uo., Viv. of Union 
Carbide Corp. 


Reinforced epoxy contravene in 
perfect condition after 15 million 
cycles on a test engine. 


cause it satisfied all of these require- 
ments and because it provides ex- 
cellent interlaminate strength, thus 
minimizing the effects of constant 
vibration. 


Beryllium to Shield 
First Man in Orbit 


When the first man is rocketed 
into orbit around the earth sometime 
within the next few years, his 
chances of surviving the enormous 
frictional heat created during re- 
entry will be quite good—thanks to 
a 6-ft dia heat shield made of beryl- 
lium. 

The large shield, produced by 
Brush Beryllium Corp., will be posi- 
tioned behind the “cockpit” to ab- 
sorb heat when the capsule strikes 
the earth’s atmosphere after orbiting 
at about 100 miles altitude (see ac- 
companying photo). Beryllium was 
selected because of its “unusual abil- 
ity to absorb large quantities of 
heat, and its equally unusual ability 
to conduct heat,” and thus prevent 
disastrous surface heat concentra- 
tion. In addition, beryllium is light- 
weight, as strong as mild steel, and 
about 50% more rigid than the stiff- 
est steel. 

The shield will be fabricated from 
a huge billet made by powder metal- 
lurgy. Because the largest powder 
metallurgy press in existence can 
only produce a beryllium billet 64 in. 
in dia, the billet will have to be 
forged to increase its overall size to 





crack an egg: 


or shape 
a missile # 


_ 


5 


100,000,000 Ibs. # 
of pressure—so delicately : 
controlled that it can 3 
be made to crack the i 
shell of an egg..4 
Use the fabulous forces.4 
of present day forging 4 
skills to crack the % 
barriers of space —<3 
weight, strength, # 
high temperatures. 9 
Forge the future, = 
today. 


Tee kee 


ALUMINUM MAGNESIUM STEEL TITANIUM BERYLLIUM MOLYBDENUM COLUMBIUM 
AND OTHER UNCOMMON MATERIALS 


WORCESTER, MASSACHUSETTS 


HARVEY. ILLINOIS GRAFTON. MASSACHUSETTS FRANKLIN PARK, ILLINOIS 


DETROIT. MICHIGAN FORT WORTH. TEXAS LOS ANGELES. CALIFORNIA 
For more information, turn to Reader Service card, circle No. 362 
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METAL BONDED TO PLYWOOD 
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ENCLOSURES 


«faster, cleaner installation 
--- lasting finished beauty 
»-- complete accessibility 


Installing Met-L-Wood riser enclosures, air 
ducts, convector covers and paneling benefits 
everyone connected with the job: 

Architects and contractors plan on sub- 
stantial installation time savings and know 
that smooth, uniform Met-L-Wood needs only 
paint to finish after installation. 

Building management not only gets a clean, 
durable installation, fast; but is also assured 


of low-cost accessibility to pipes and oer 


equipment without enclosure replacement 
expense. 

Met-L-Wood units are pre-formed, ready 
to install with minimum labor. When finished, 
Met-L-Wood sections match perfectly with 
conventional walls and ceilings. 

Whether you plan new construction or 
remodeling, write for literature now and 
learn all the advantages and economies you 
gain with Met-L-Wood. 


VMET-L-WOOD 


See. « aes o 


For more information, turn to Reader Service card, circle No. 461 
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Chicago 38 


6755 W. 65th Street 


Illinois 





Artist’s conception of space cap- 
sule and beryllium heat shield. 


72 in. in dia. Thickness of the sec- 
tion will be 3 in. After forging, the 
shield will be machined to final di- 


mensions. 


PVC Piping Replaces 
Copper-Nickel Alloy 


Damaging electrolytic action has 
been eliminated by the switch from 
a copper-nickel alloy to rigid poly- 
vinyl chloride for piping and fittings 
used in the cooling system of the 
offshore radar station shown in the 
accompanying photo. 

The cooling system, used for the 
power generators, utilizes salt water. 
After 18 months, electrolytic action 
(caused by the immersion in salt 
water of the copper-nickel piping 
and a stainless steel coolant jacket) 
had damaged the piping so severely 
that one set of generators had to be 
shut down for repairs. 

Polyvinyl chloride tubing not only 
has solved the corrosion problem, 
but costs only about one-half of the 
previously used copper-nickel alloy. 


Offshore radar station uses PVC 


piping to avoid electrolytic corrosion. 





















































STAINLESS STEEL SAYS “NO” TO DENTS! 


It is not indestructible, of course, but it comes closer to this ideal characteristic than any other metal com- 
mercially available. What's more, it resists heat, rust and corrosion, and will not peel. These advantages 
may seem too obvious to mention — yet they are the very reasons why so many people who design, create, 
or buy things to endure insist on stainless steel. Nothing lasts so beautifully! And remember: The very 


best stainless steels are made with Vancoram Ferro Alloys. 


VANADIUM 
Producers of alloys, metals and chemicals © - CORPORATION 
| i 4 OF AMERICA 


420 Lexington Ave., New York 17, N. Y. 
Chicago « Cleveland « Detroit « Pittsburgh 


For more information, turn to Reader Service card, circle No. 386 
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THE RAW MATERIALS OF PROGRESS 


COMPANY , 
x 7 


fluorel 


BRAND ELASTOMER 


New FLUOREL Brand 
Elastomer is a highly 
fluorinated synthetic 
rubber that successfully 


resists corrosive chemicals, 


fuels, solvents, and ozone 


FLUOREL Elastomer is rated for continuous long-time 
service at 400° F . . . tolerates 600° F temperatures, and 
higher, for reduced periods under some service conditions. 
Ease of processing, non-combustibility, and excellent re- 


sistance to compression set are other outstanding features. 


FLUOREL Elastomer greatly extends the performance 
range of applications requiring elastomeric materials. Its 
many exciting possibilities make it an important member 
of the ever-expanding family of 3M organic fluorine com- 
pounds. For complete data, write: 3M, Chemical Division, 
Dept. KAR-89, St. Paul 6, Minn. 


*The term“ FLUOREL” is a trademark of Minnesota Mining and Manufacturing Company. 


EASE OF PROCESSING is shown by this disc. Note the repro- 
duction of machine marks from mold surface. FLUOREL 
Elastomer can be readily mold processed on standard 
rubber compounding and fabricating equipment. It may 
be molded, extruded and bonded to most metals. 


WHEREVER THE HEAT’S ON, put FLUOREL Elastomer to 
work for you. It’s in use now or under evaluation in the 
missiles and aircraft, automotive and chemical process- 
ing industries for oil seals, ‘‘O”’ rings and gaskets. Other 
suggested uses: fire walls, air ducts, fuel cells, fuel and 
hydraulic hose, diaphragms and tank linings 


CHEMICAL DIVISION 


Miianesora [fining ann ]fanuracturinc comMPANY 
» +. WHERE RESEARCH IS THE KEY TO TOMORROW 


For more information, turn to Reader Service card, circle No. 364 
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More and Better Materials Education Needed 


More engineering students in more 
colleges must be educated in the 
fundamentals and properties of 
materials in order to solve the mate- 
rials problems that are now limiting 
our technical progress. 

This was the recurring comment 
heard during the Symposium on 
Education in Materials held in June 
during the annual ASTM meeting 
in Atlantic City. The symposium was 
sponsored jointly by the American 
Society for Testing Materials and 
the American Society for Engineer- 
ing Education. 

Lack of uniformity 

K. B. Woods, president of ASTM, 
in his introductory remarks, ob- 
served that there is little uniformity 
of content in the undergraduate 
materials courses given at the 25 
colleges he visited recently. And he 
questioned whether presently avail- 


able courses give engineering stud- 
ents what they need to know to 
efficiently select and use materials 
when they get out into industry. 

Incoming ASTM president F. L. 
LaQue, and other speakers, said that 
increased attention in materials edu- 
cation must be given to relating 
properties and behavior to the 
fundamental structure of the mate- 
rials. Improved materials education 
is important, he said, because “the 
rate of progress in such fields as the 
utilization of nuclear energy, the 
penetration of outer space, and the 
more economical generation of power 
from conventional fuels is dependent 
upon the solution of materials pro- 
blems.” 
Recommendations 

A report on the evaluation of 
education in materials and recom- 
mendations for teaching the science 











: 





ACE TITANIUM 


LABORATORY 
ALI-HELIUM 
ATMOSPHERE. 


of materials was presented by Glenn 
Murphy, vice president of ASEE. 
He said that in many current 
courses the study of materials is 
largely descriptive and has little per- 
manent value. The objective of the 
new teaching program proposed by 
ASEE is to develop an understand- 
ing of the inter-relationship among 
properties, environment, and struc- 
ture. Such training, he said, would 
provide students with a firm founda- 
tion that would serve them through- 
out their entire career. M. E. Shank, 
professor at Massachusetts Institute 
of Technology, described materials 
courses instituted recently at MIT 
which follow the general recom- 
mendations made by ASEE. For ex- 
ample, the undergraduate materials 
courses for mechanical engineers 
cover mechanical behavior (plasti- 
city and fracture) from an atomis- 
tic viewpoint. The school also has 
established a two-year graduate 
course in materials engineering. 

The symposium seemed to indicate 
that much-needed attention is at last 
being given to education in mate- 
riais. Such attention, it is believed, 
will result in changes and advances 
in college curricula that will better 
prepare the engineer to understand 
and use modern materials. 


Improved Steels 
Aim of New Lab 


“Steel industry research to date 


has only scratched the surface,” 
according to T. F. Patton, president 
of Republic Steep Corp. “... From 
ore to finished product, steel tech- 
nology is undergoing a revolution 

. and... we are determined to 
do our share of the work that will 
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For almost every 
hardness testing requirement 


There’s a Wilson “Rockwell” 
instrument to do the job 


Wilson “‘Rockwell’’ Hardness Test- 
ers can help make your products 
better, stronger, longer lasting. 
They give reliable results on the 
production line, in laboratories, in 
tool rooms, and in inspection de- 
partments. They’re as easy to use 
as a center punch, as durable as a 
machine tool, as sensitive and ac- 
curate asa precision balance. That’s 
why Wilson “Rockwell” is recog- 
nized as the world’s standard of 
hardness testing accuracy. scopic inspection and a 
comparator check of each dia- 
mond—one by one—assure you 
of accurate hardness testing 
every time. 


Write for Catalog RT-58. 
It gives complete details on 
the full line of Wilson hard- 
ness testing equipment. 





TWINTESTER 
combines functions 
of “Rockwell” and 
“Rockwell” 


Superficial Testers 


“ROCKWELL” 
SUPERFICIAL TESTER 
for extremely shallow 

indentations 


AUTOMATIC—semi and fully automatic 
models for automatically classifying tested 
pieces at rates to 1,000 pieces per hour 


WILSON "ROCKWELL 
HARDNESS TESTERS *~° 


Wilson Mechanical Instrument Division 
American Chain & Cable Company, Inc. y 
230-E Park Avenue, New York 17, New York } 


For more information, turn to Reader Service card, circle No. 399 
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Wilson ‘‘Brale” 

Diamond Penetrators 
give Perfect Readings 

A perfect diamond pen- 
etrator is essential to 
accurate testing. Only 
flawless diamonds are 
used with Wilson 
“Brale’”’ penetrators. 
Each diamond is cut to 
an exact shape. Micro- 


Vacuum melting furnace in Re- 
public’s new laboratory will be used 


to de velop new steels. 


go into that revolution, and to share 
in the benefits that will come from 
it.” 

These remarks, made at the dedi- 
cation of a new $5-million Research 
Center, indicated the direction in 
which Republic’s research will be 
aimed. Work in the new laboratory 
is divided into four areas: metallur- 
gical, processing, new products and 
ceramics. According to Mr. Patton, 
the budget will be divided as fol- 
lows: 30% will be applied to re- 
search projects designed to show re- 
sults in one to three years; 30% to 
exploratory projects keyed to a five 
year schedule; 30% to long-range 
studies that may run ten years or 
more; and 10% to pure science and 
fundamental research. 

The laboratory includes an exten- 
sive pilot plant area. The first pilot 
plant to be set up may be Republic’s 
new process for rolling strip steel 
from powder (see p 136). 


Technical Conference 
on Semiconductors 


A technical conference on proper- 
ties of elemental and compound 
semiconductors has been scheduled 





PROPERTIES of most engineering ma- 
terials can be found in the second 
edition of M/DE’s Materials Selector 
reference issue, published last October. 
Names and addresses of suppliers are 
also listed. 














Some of the problems of elevated 
temperature joint strength and 
oxidation resistance in heat-resist- 
ant alloys are being solved today 
by a relatively new group of Handy 
& Harman high temperature braz- 
ing alloys. These alloys embody 
certain unique characteristics, all 
of which are requisite for high 
temperature brazing: 


Beat 
the Heat 
Barrier 
With 
Handy & 
Harman 
High 


e They have good strength 
and oxidation resistance at 
recommended temperatures. 


e They are ductile, with the 
ability to withstand vibra- 
tion and stress at elevated 
temperatures. 


e These Handy & Harman 
alloys provide minimum so- 
lution and penetration of 
the metals being joined; this 
is a particular advantage 
when joining thin sections. 

e These alloys effectively join 
stainless steels, low alloy 
steels, nickel-base alloys, 
cobalt-base alloys and other 
high temperature metals in- 
cluding refractory types. 

The list of successful applications 
includes jet engine parts, heat ex- 


changers, rocket motors, clad 
metals, honeycomb structures, tur- 
bine blades and many others. The 
following are brief descriptions of 
these Handy & Harman alloys: 





[LITHOBRAZE 925] For short time 
operation to 900° F, continuous 
at 500° F. Very ductile, virtually 
no solution of base metal. Good 
salt-spray corrosion resistance. 


For continuous serv- 
ice 900° F-1000° F. Fairly duc- 
tile, moderate general solution 
of base metal. 








[PREMABRAZE 128| Continuous 
service up to 1500° F. Ductile, 
moderate solution of the base 
metal. Tensile strength at 1600° 
F in 304 stainless steel is 20,000 
psi (short time test). 











[PREMABRAZE 130] Same proper- 
ties as PREMABRAZE 128, but 
freer flowing and lower brazing 
temperature. 








[ PREMABRAZE 101| Continuous op- 
eration in 1800° F-2000° F range 
(based upon limited oxidation 
tests). Ductile, moderate solu- 
tion and penetration of the base 
metal. 








emperature 


Alloy 


Nominal 
Composition 





LITHOBRAZE 925 92.5 Ag 


HI-TEMP 30 70 Mn 


Brazing 
Alloys! 


PREMABRAZE 128 72 Au 


PREMABRAZE 130 82 Au 


PREMABRAZE 101 54 Pd 








7.3 Cu 2 Li 
30 Ni 
22 Ni 
18 Ni 


36 Ni 10Cr 














Data sheets and complete details on each of the above Handy & Harman 
alloys are available upon request to Handy & Harman, 82 Fulton Street, 
New York 38, N. Y. 


Source of Supply and Authority on Brazing Alloyse:<:: +» >» 


BRIDGEPORT. Conn 
PROVIDENCE wit 
Cmicdeo. ib 

CLEVELAND. ONO 


HANDY & HARMAN 


General Offices: 82 Fulton $1., New York 38, N.Y. 
DISTRIBUTORS IN PRINCIPAL CITIES 


DETROIT, MICH 

LOS ANGELES. Catir 
OARLAND. CALIF 
TORONTO. CANADA 
MONTREAL CANADA 
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Air and Oil Channels Die Cast. 


No Costly Machining Necessary 


LOW COST 
SOLUTION 
TO HIGH 


PRODUCTION COSTS 


Lawn edger blade guard 


























Sill cock | 





4 ate _ 


Die cast aluminum air drill 
handle manufactured by 
Production Die Casting for 
the Cleco Air Tools Division 
of the Reed Roller Bit Com- 
pany 


PRECISION DIE CASTING has 


helped manufacturers hold 
the price line in spite of 
steadily rising labor and com- 
modity costs. This superior 
and economical method of 
fabricating component parts 
for trucks, automobiles, 
household appliances and 
many other products of wide 
application virtually elimi- 
nates the necessity for costly 
machining and finishing. 


The most flexible shapes are 


cast accurately to close toler- 
ances ... ready for use. High 
tensile strength zine and 
aluminum ailoys mean dura- 
bility. The die casting method 
means savings in time and 
money. 


Call or write: Production Die 


Casting Company, the South’s 
leading die caster. 


Discover how die casting can 


help you cut costs. 


by the Metallurgical Society of 
AIME for Aug 31-Sept 2, at the 
Statler Hotel, Boston. 

Some of the subjects to be covered 
include: the role of dislocations in 
device properties (panel discussion), 
dislocations in semiconductors, semi- 
conductor surfaces and films, stoi- 
chiometry in compound semiconduct- 
ors, properties of silicon carbide and 
gallium phosphide for power recti- 
fiers, compound semiconductors for 
transistors and transistor-like de- 
vices, and new compound semicon- 
ductors. 


Materials Research, 
Then Hardware Asked 


If a fraction of the $900 million 
that has been spent so far in trying 
to develop a nuclear aircraft had 
been spent in materials research, a 
nuclear airplane would now be flying. 

That is the opinion of T. Keith 
Glennan, head of the National Aero- 
nautics and Space Administration. 

“We in this country tend to go 
too fast into hardware,” Dr. Glen- 
nan says. He spoke recently at the 
dedication of Republic Steel’s new 
research laboratory in Independence, 
Ohio (see p 192). 

Dr. Glennan also suggested that 
“the time has come to change our 
concept of the metallurgical indus- 
tries.” Instead of thinking in terms 
of the steel industry, or the alumi- 
num industry, he said, “we should 
consider them all together as inter- 
locking segments of one dynamic 
materials industry. 

“Only thus,” he said, “can the 
vast potential of industry in cre- 
ative technology serve the varied 
needs of advanced design.” 


SPI Acts to Halt 
Deaths from Plastics 


About 60 children, mostly under 
one year old, have suffocated and 
died as a result of becoming en- 
meshed in polyethylene bags used to 
protect food, clothes, etc. According 
to the National Safety Council, an- 


PRODUCTION DIE CASTING COMPANY 
6502 RUSK AVE WA 3-4627 . HOUSTON 11, TEXAS 


an Die Casting Institute 


other 40 may lose their lives in the 
same manner before the year is over. 
The increasing number and size 


For more information, turn to Reader Service card, circle No. 383 


194 + MATERIALS IN DESIGN ENGINEERING 








diay iz: whim dine cfticdleo cdl ade alll atte ober: abe 





Hundreds of companies can mold plastics... 


























But only one puts the world’s 
most complete production and design facilities at your disposal! 


GENERAL AMERICAN 


Plastics Division 





General American’s Plastics Division offers you advan- 
tages that no other molder in the world can match! 


e The largest and most varied molding facilities in the 
industry, with compression presses up to 2000 tons for 
regular and reinforced plastics in simple and complex 
shapes, injection presses up to 300 ounces, and large 
extruding and vacuum-forming machines. 


¢ An experienced staff of research and development 
specialists, and a complete engineering department. 


GENERAL AMERICAN TRANSPORTATION 
135 South LaSalle Street, Chicago 90, Illinois 


¢ Modern tool and die shops. 


¢ A continuing advisory service, including a Customer 
Service Manager assigned to live with your job through 
every step of production. 


These are some of the reasons why General American is 
the nation’s leading custom molder of plastics. Let us 
study your products to help you determine whether the 
use of custom molded plastics will improve them. You'll 
find ... it pays to plan with General American. 


SGenerRAL? Llastics Division 


CORPORATION 
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A PRODUCT OF 
CHICAGO TELEPHONE 
SUPPLY CORP., ELKHART, INDIANA 


Here’s an efficient little protective device for television 
circuits, manufactured by Chicago Telephone Supply Cor- 
poration. The Tubesaver consists principally of a thermistor 
in the line circuit to eliminate the current surge when the 
set is turned on and a thermo-delay bimetal switch in the 
B+ circuit which remains open until the tubes are fully 
warmed. The design of the bimetal element permits the set 
to warm up 15 to 45 seconds before the plate voltage is 
applied. Such protection has led some of the manufacturers 
to increase warranty time on all of the components, as the 
Tubesaver eliminates the damaging electrical surge on cold 
tube filaments, and prevents ‘‘cathode stripping” by allow- 
ing a slow warm-up 


The fantastic growth of the television industry, with millions 
of sets being produced each year, with constant improve- 
ment in design and quality, yet with generally lower and 
lower costs to the consumer, is a concrete tribute to the 
engineering, development and production genius of the 
manufacturers. We're proud to point out that Chace has 
kept pace with the best in the industry, providing the 
precious bits of thermostatic bimetal which actuate such 
devices as the Chicago Telephone “Tubesaver.”’ Our third 
of a century of experience in the creation of such critical 
elements is one of the most important qualities you get in 
Chace Thermostatic Bimetal, second only to the unvarying 
precision of our alloys, our bimetal combinations and our 
fabricating of the elements, strips or coils we make to your 
specifications. 


If you have a new temperature responsive product or one 
in the “thinking” stage, send for our booklet, ‘Successful 
Applications of Chace Thermostatic Bimetal.”’ It contains 
many pages of useful engineering data and design infor- 
mation on our more than 30 different types of bimetal. 


W. M. CHACE CO. 
Thewnostalic Bimelal 


1615 BEARD AVE., DETROIT 9, MICH. 
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of headlines in recent newspapers 
has perhaps tended to overstate the 
problem. However, a problem does 
exist and realistic action is being 
taken by the Society of the Plastics 
Industry and many official city and 
state groups. 

According to SPI, the crux of the 
problem seems to lie in the misuse 
of plastics packaging film. Instead 
of disposing of the bags once they 
have served their purpose, parents 
have been allowing children to use 
them as playthings. To discourage 
this practice, SPI has published a 
pamphlet entitled “Helpful Hints To 
Parents on the Correst Use and Mis- 
use of Plastics Film.” Over 2 million 
copies of the pamphlet have been 
distributed through such organiza- 
tions as the American Academy of 
Pediatrics, American Academy of 
General Practice, National Institute 
of Drycleaning, Inc., the National 
Safety Council, the Public Health 
Service, and many city and state 
Health Departments. 

Some cities (New York, for ex- 
ample) have amended their sanitary 
codes, making it mandatory for 
warning labels to be placed on plas- 
tics bags. Many state legislatures 
have already passed or are consider- 
ing bills requiring such warning 
labels. Other suggestions: use of 
thicker, nonclinging film, and use of 
perforated film. 


Engineers 


John L. Everhart, metallurgical engi- 
neer and former Technical Editor of 
M/DE, is now affiliated with Inter- 
national Nickel Co. 


Albert M. Nutter, E. L. LeBaron 
Foundry Co., has been elected vice 
president of the National Castings 
Council. 

D. V. Rosato is now assistant plant 
manager of Raytheon Mfg. Co.’s new 
Research Div. plastics plant in May- 
nard, Mass. 

Ralph D. Wysong, Studebaker-Pack- 
ard Corp., has been elected president, 
American Electroplaters’ Society, Inc. 


Harry R. Marty has been appointed 
manager of the new Owensboro, Ky. 
plant built by W. R. Grace & Co.’s 
Dewey & Almy Chemical Div. for 
the manufacture of polyvinyl acetate 
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WIRE SHAPED TO FIT YOUR 


e The book shown above can help you improve your Accuracy - Both the cross-sections and contours of 
product and cut your costs. It explains why, if your PAGE shaped wires are extremely accurate, the result of 


design involves wire with special or unusual cross- careful cold-drawn or cold-rolled processes in our mill. 
Packaged right + PAGE shaped wire is furnished in 


section, PAGE shaped wire is the answer. Shaped wire either standard or special coils of exact weight. Straight- 
saves material, eliminates machining, forming, forg- ened and cut wire is available in either exact or random 
ing or similar operations. When you specify PAGE lengths. It’s packaged in bare bundles, wrapped in water- 


shaped wire, you get these additional advantages: proof paper, burlapped, in cartons, boxes, Leverpaks, or 
other ways to meet your requirements. 


prc Pony you — ¢ PAGE can — all — PAGE shaped wire can save you money. The modern 

standard shapes, such as squares, ovals, Hats ane X¢y- well screen is a good example. Once made by sawing 

stones, as well as hundreds of special shapes made to |, . : . 

your own drawings and specifications. slots in tubes (which clogged quickly), well screens 
are now made from screening formed from special 


Extra strength « PAGE shaped wire is stronger than . . : . i 
hot-rolled material. The cold drawing of PAGE shaped —_ oe result is a screen with superior non 
wire increases tensile strength, yield point and hardness © ogging features. a 

—improves both wear resistance and machineability. When you buy shaped wire, it pays to select a source 


Many grades of steel + You can specify low carbon, with eee pe ee eee PAGE has been manufac- 
high carbon, alloy or stainless steels, and Armco ingot ‘tring shaped wire for more than 50 years—our know- 
iron. We'll be glad to recommend the steel best suited to how is your assurance of expert service. Why not ask 
your application. us for a quotation? 


acco PAGE MANUFACTURERS WIRE 


Page Steel and Wire Division « American Chain & Cable Company, inc. 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, Los Angeles, New York, Philadelphia, 
= s Portland, Ore., San Francisco, Bridgeport, Conn. 





WRITE FOR BOOK... Typical Uses for PAGE Shaped Wire 


Bag frames Generators Screen wire 
Belt buckles Handles Shoe buckles 
Bobby pins Hose wire Snap rings 
Business machines Keys Springs 
Casing wire Lamp shades Switches 
Conduits Lock washers Typewriters 
Cotter pins Push-Pull controls Welding strip 
Furniture hardware Rakes Well screens 
Furniture trim Retainer rings Wrenches 


e For details on PAGE shaped wire, write us at 
Monessen, Pa., for DH-1226. This helpful book 
contains data on carbon and alloy steel weights— 
explains methods of calculating areas of common 
shapes—lists physical properties of steel wire. Also 
contains hardness conversion tables and standard 
wire gauge tables, along with other useful infor- 
mation. 


PAG E wnt“ 
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How to wrap up ZBOOOF / 


Searing heats up to 2000° F can now be contained in ‘‘packages’’ of 
tough, lightweight FIBERFRAX® ceramic fiber insulation. Processed in a 
wide variety of forms, it offers the ultimate in versatility for high tem- 
perature insulation. For further details, see below. 


Ceramic fiber in many forms 


extends insulation heat limits 


FIBERFRAX® ceramic fiber provides insulations which can be used 
above the temperature limits of mineral wools, glass fiber and asbestos 
and alumina-silica compositions. It is chemically inert and has low 
thermal conductivity. 
@ BULK FIBER makes a resilient insulating packing for cracks and expan- 
sion joints, furnace walls, annealing cars, induction furnaces, etc. 

TEXTILES include yarn for high temperature thermocouple and elec- 
trical wire insulation, rope for gasketing in molten metal casting and 
other high temperature processes, cloth, for flame curtains and tem- 
perature resisting membranes. 
@ PAPER offers a thin fibrous mat for lining oil-fired combustion cham- 
bers, a resilient pressure distribution and thermo-baiance sheet for stain- 
less steel honeycomb brazing, as well as a gasketing material. 
@ BLOCK features low thermal conductivity and heat capacity, immunity 
to thermal shock and inertness in hydrogen and other atmospheres. 
@ FELTS provide a convenient insulating wrap for high temperature 
pipes, flanges and furnace parts. 
@ COATING CEMENT air-sets to an insoluble, dense, heat resisting sur- 
face, bonds well to many porous and non-porous materials. 

To learn more about this interesting material . . . 


send for your FREE COPY of 

ADVANCED MATERIALS TECHNOLOGY 
A new quarterly publication dealing with materials for severe service 
applications, published by Carborundum. For your FREE subscription, 


write to Carborundum, Research & Development Division, Dept. 
MDE89, Niagara Falls, N. Y. 


Where conventional materials fail...ca/l on 


CARBORUNDUM 


Registered Trade Mark 
For more information, turn to Reader Service card, circle No. 507 
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polymers and copolymers, butadiene 
styrene synthetic rubber latices, and 
battery separators. 


James M. Planten has been named 
vice president, Foundry Design Co. 


Robert E. Hebert has been ap- 
pointed manager of Vanadium-Alloys 
Steel Co.’s new Vacuum Melting 
Dept. 


Robert L. Jackson has been named 
production manager, Scientific and 
Process Instruments Div., Beckman 
Instruments, Inc. 


Dr. John Frederick Dunn, Jr., has 
been appointed chief engineer, Wal- 
worth Co. 


Edmund G. Shower is now produc- 
tion engineering manager, Sperry 
Semiconductor Div., Sperry Rand 
Corp. 


Richard A. Kirk has been appointed 
chief project engineer, Tamar Elec- 
tronics, Inc. 


William A. Roach, Jr., has been ap- 
pointed product manager, J. E. 
Lonergan Co. 


Gilbert Tint has been named vice 
president and chief engineer, Na- 
tional Ultrasonic Corp. 


Leland E. Bruce has been named 
assistant production manager, Chem- 
ical Milling Div., U. S. Chemical 
Milling Corp. 


George Konkol has been named to 
the newly-created position of general 
manufacturing manager, Parts Div., 
Sylvania Electric Products Inc. 


Charles E. Maki has been appointed 
chief development engineer, MB Mfg. 
Co., a division of Textron, Inc. 


Jan Mueller has been appointed man- 
ager, jet engine component manu- 
facturing, American Metal Products 
Co. 


Leo DeFiore has been appointed di- 
rector of engineering, and Carl J. 
Lucas has been named chief engineer, 
Youngstown Sheet & Tube Co. 


Dr. Val Kudryk has been named di- 
rector of research and development, 
Accurate Specialties Co., Inc. 


Donald W. Kase has been named 
production engineer assisting the 
director of operations, Michigan 
Chemical Corp. 

Ross Holmes has been named man- 
ager, Pre-Mix Dept., Hoeganaes 
Sponge Iron Corp. 


Dr. Siegfried Lindena has been ap- 
pointed director of advanced research, 








MYLAR*® has a dielectric strength of 4,000 volts 





per mil 


Can the unique combination of properties found in ‘‘Mylar’’ 
help you solve your design problems? 


High dielectric strength helps cut capacitor size. 
Tough, thin “Mylar” with a dielectric 
strength of 4,000 volts per mil for 1 mil film 
(per ASTM-D-149) permits capacitor man- 
ufacturers to reduce size of finished unit . . . 
improve performance and reliability. 


“‘Mylar’’* polyester film is a tough, flexi- 
ble engineering material. In addition to 
its outstanding dielectric strength, 
“‘Mylar’’ has an average tensile strength 
of 20,000 psi, withstands temperature ex- 
tremes (-60° to 150°C.) . . . resists most 
chemicals and moisture. 

On an area basis, tough, thin ‘Mylar’ 
often costs /ess than heavier, conventional 
materials. ‘““Mylar’’ can be laminated, 
embossed metalized, punched or 


Mylar 


> 


and 


BETTER THINGS FOR BETTER LIVING 
THROUGH CHEMISTRY 


coated. The film won’t embrittle with 
age. ‘“‘Mylar’’ is available in roll or sheet 
form in a wide range of gauges. 

Find out how the combination of prop- 
erties in “‘Mylar’’ 
knotty design problems, improve product 
performance or cut costs. Write for our 
booklet containing detailed information 
on properties and applications. E. I. 
du Pont de Nemours & Co. (Inc.), Film 
Dept., Rm. MM-8, Wilmington 98, Del. 


can help you solve 


’ ie Du Pont’s registered trademark for its brand of polyester film. 


DU PONT 


MYLAR 


nO) 4 
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Zircalloy 2 — containing 1.5% or 
more tin — was the cladding material 
used for the nuclear power unit which 
carried the submarine Nautilus across 
the North Pole. 


couldn't do it. 


Zirconium alone 
Addition 


quantities of tin strengthened the zir- 


of small 


conium and reduced the variable effect 
of impurities. It also had a favorable 
effect on its corrosion resistance. This 
discovery led to development of Zir- 


calloys containing 0.5 to 5% tin. 


Factory tresh hosiery is now 
available to American consumers in 
tin cans. The manufacturers claim 
canning nylons reduces pilferage and 
handling costs, lets the lady select 
her nylons factory fresh from her 


grocer’s shelf. 


Foreign car manufacturers 
are Capitalizing on latest developments 
in tin applications. Directional sig- 
nals, subject to continuous wear and 
hard weather conditions, are electro- 
plated with a tin-zinc coating. A tin- 
nickel electrodeposit shows good po- 
bright 


coating for automotive trim, bumpers 


tential as a tarnish-resistant 


and accessories. A tin-bronze coating 


of up to 12% tin and a tin-nickel 


coating of two-thirds tin are proving 


excellent undercoatings for chromium. 


Write today for more 
data on these items or 
for a free subscription to 
TIN NEWS—a monthly 
bulletin on tin supply 
prices and new uses 


The Malayan Tin Bureau 
Dept. 24H, 1028 Connecticut Ave., Washington 6, D.C 


For more information, circle No. 379 
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Special Products Div., Networks 


Electronic Corp. 


Robert E. Root has been appointed 
manager, Electro-Mechanical Div., 
American Electronics, Inc. 


Charles Peterson is now chief engi- 
neer, Veet Industries, Detroit. 


L. S. Hilton has been named man- 
ager, Abrasive and Diamond Wheel 
Depts., Manhattan Rubber Div., Ray- 
bestos-Manhattan, Inc. 


Edgar E. Wrege has been made 
operations manager, Special Products 
Dept., Avisco Film Div., American 
Viscose Corp. 


Companies 


Universal-Cyclops Steel Corp. has 
begun production in its new multi- 
million-dollar stainless steel strip 
plant at Coshocton, Ohio. 


Hooker Chemical Corp. has completed 
its new multi-million-dollar research 
center at Grand Island, N. Y. 


Aerospace Industries Assn. of 
America Inc. is the new name of 
Aircraft Industries Assn. of America 
Inc. 


Bettinger Corp. has moved to new 
quarters at 55 W. 42nd St., New 
York City. 

Hope 


Snyder Corp. has purchased 


Machine Co. 


EverLube Corp. has formed a new 
plating division located at 6940 
Farmdale Ave., North Hollywood, 
Calif. 


Technical Operations, Inc., has begun 
an expansion of its Burlington, 
Mass., research facilities. 


Caloric Appliance Corp. will con- 
struct a research and development 
center at its Topton, Pa., plant. 


Leece-Neville Co. of Cleveland has 
purchased A. C. Motor Div., O. A. 
Sutton Co., Wichita, Kan. 


Diamond Alkali Co. plans to build 
a multi-million-dollar research center 
near Painesville, Ohio. 


Robertshaw-Fulton Controls Co. has 
begun construction of a $4-million 
plant at New Stanton, Pa. 


Hamilton Standard Div., United Air- 
craft Corp., has formed a new de- 
partment for the design, develop- 
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| 
| 
| 


CALL MEY 


MISTER « 
CALL ME— 


metallurgist 
metals engineer 
material specifier 
product engineer 
value analyst 
designer 

process engineer 
purchasing agent 


I’m Specifying 
INVESTMENT 


CASTINGS 
MADE 
WITH 


R-Mer 


CERTIFIED 
ALLOYS 


from 
W. M- 


ALLOYS CO. 
1999 GUOIN STREET 
DETROIT 7, MICHIGAN 


DIVISION of CONSOLIDATED 
FOUNDRIES & MFG. CORP. 


For more information, circle No. 457 
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When It’s a 


Question of 
“9” RINGS in any material or 


special compound for every 
service condition required. 


PACKINGS to your specifications 


in leather, synthetics, 


Also gaskets and asbestos, teflon, etc. 


washers in over 
200 materials. .. 


the Answer at Auburn 


Send us your specifications or blueprints. You'll receive 
prompt quotations and recom dat without oblig 


THE AUBURN MANUFACTURING CO. <> 
30: Stack St., Middletown, Conn. > 


New York, N. Y.; Rochester, N. Y.; Detroit, Mich.; Chicago, III.; 
Minneapolis, Minn.; Pittsburgh, Pa.; Cincinnati, Ohio; Ridgewood, N. J.; 
Atlanta, Ga.; Memphis, Tenn.; St. Louis, Mo.; Washington, D.C. 








to solve 
problems in 


drawing metals 


droforming 


Here is a method of deep drawing that can pro- 
duce results not possible with conventional dies. 
A giant hand of hydraulic power literally wraps 
metals around a male form to solve virtually any 
problem in drawing complex or unusual shapes. 
Hydroforming is a versatile process for precision 
work, yet reduces tooling cost as much as 90%. 
In addition, lead time for parts delivery is cut to 
less then 30 days. Why don’t you let this helpful 
giant give you a hand... soon! 


| IDEA BOOK on how our 
ae #4 custom deep drawing service 
may be able to help you. 


mi 
Ss We have 6 hydroform ma- 
a chines, from the smallest to 


tydroformirg the largest. 











Hydroforming Company of America, Inc. 
7402 W. Lawrence Ave., Chicago 31, Ill., Phone: UNderhill 7-7600 


Branch Warehouses 
NEWARK + PITTSBURGH + MIAMI + PHILADELPHIA - GREENSBORO 
For more information, turn to Reader Service card, circle No. 490 For more information, turn to Reader Service card, circle No. 416 
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TUBULAR 
RIVET 
COST-SAVINGS 
MULTIPLY 
WITH MILFORD'S 


ASSEMBLY 
ANALYSIS 


WE STUDY 
THE 
FUNCTION 


; sie a 7 
_ WE DESIGN 
(eS a 

| THE. 


WE 
RECOMMEND 
THE BEST 
ASSEMBLY 
TECHNIQUE 


Smart designers are getting an assist 

from Milford—not only with basic design 

tips-—-but with a complete Assembly 

Analysis {rom drawing board to finished 

product. 

For the answers to assembly problems... 
... get in touch with Milford first! 


MILFORD RIVET 
& MACHINE Co. 


MILFORD, CONNECTICUT . HATBORO, PENNA 
ELYRIA, OHIO « AURORA, ILL. + NORWALK, CALIF 
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ment and manufacture of specialized 
ground support equipment for mis- 
siles and aircraft. 


Hostachem Corp. is the new name for 
Progressive Color and Chemical Co., 
Inc., 350 Fifth Ave., New York City. 


NRC Equipment Corp. has estab- 
lished a West Coast engineering 
office at Palo Alto, Calif. 


4. O. Smith Corp. has begun con- 
struction of a new $2.1-million addi- 
tion to its Kankakee, IIl. plant. 


Owatonna Tool Co. has formed a new 
Precision Hydraulics Div. 


Ramo-Wooldridge Div., Thompson 
Ramo Wooldridge Inc., has reorgan- 
ized its Los Angeles engineering 
group to form a new Systems Tech- 
nology Div. and a Data Processing 
Div. 


International Rectifier Corp. is con- 
structing an 80,000-sq ft plant at 
222 Kansas St., El Segundo, Calif. 


Baird-Atomic, Inc. has acquired four 
companies as part of a major expan- 
sion program. They are: Atomic 
Assoc., Inc., of New York; Atom- 
ic Assoc., Inc., of California; Atomic 
Accessories, Inc.; and Atomic De- 
velopment & Machine Corp. 


Cutter Laboratories has acquired the 
assets of Olympic Plastics Co., Inc., 
Los Angeles. 


Universal-Cyclops Steel Corp. has 
purchased the Bridgeville, Pa., prop 
erty of Flannery Mfg. Co. 


Keokuk Electro-Metals Co. and Van- 
adium Corp. of America have an- 
nounced a merger whereby Keokuk 
will operate as a division of Vana- 
dium Corp. 


Moldings & Extrusions Inc, is a new 
corporation specializing in precision 
molding and extrusion of industrial 
plastics. Headquarters are located in 
Wauregan, Conn. 


Carlon Products Corp. has purchased 
a new 100,000-sq ft plastics pipe 
plant in High Springs, Fla. 


Cycleweld Chemical Products Div. is 
the new name for Cycleweld Cement 
Products Div., Chrysler Corp. 


SKF Industries, Inc., has begun a 
$4'.-million expansion program at 
its Altoona, Pa. plant. 

Chemstrand Corp. plans to construct 
a Nylon Development Center near 
Pensacola, Fla. 


Monsanto Chemical Co.’s Inorganic 
Chemicals Div. has begun a moderni- 
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A convenient new guide 


'to properties and uses... 


ASBESTOS: 


It’s Industrial 
Applications 


by D. V. ROSATO 


Assistant Plant Manager 
Research Division, Plastics Plant 
Raytheon Manufacturing Co. 


1959, 224 pages, $5.75 


| The author compiles and presents all 


available data on the properties and 
applications of asbestos, including 


| recent advances. The book identifies 


the broad usage of asbestos in many 


| engineered products. It serves as a 


convenient guide to various branches 
of industry including research and 
development groups, manufacturers, 


| engineering schools, market research 
| groups, and sales management. In 
| addition to acquainting industry with 


asbestos products in a great variety 


| of fields, the book also reviews the 


types of asbestos material available, 
their properties, and methods of 
manufacturing to further the under- 
standing of the variables which exist 


| in handling asbestos. 


CONTENTS: Industrial Applications of 


| Asbestos; Properties of Asbestos; 


Asbestos-Cement; Tile; Asbestos Heat 


| Insulation; Asbestos Electrical Insula- 

tion; Asbestos Friction Materials; As- 
| bestos Textiles; Plastics; Asbestos 
| Packings and Gaskets; Asbestos Fil- 


ters; Other Products; Census on As- 


| bestos Products; Bibliography; Index. 


A Reinhold Pilot Book 


Examine It Free for 10 days 


MAIL THIS COUPON NOW! 


1 REINHOLD PUBLISHING CORPORATION 
! dept. M-488, 430 Park Avenue, 
New York 22, N. Y. 


Send me a copy of Assestos: /ts 
Industrial Applications for 10 days’ 
Free Examination, After 10 days, I 
will send you $6.75 plus postage or I 
will return the book and owe nothing. 


NAME __ 
ADDRESS — 


CITY AND ZONE STATE. 


SAVE MONEY: Enclose payment, and Reinhold 
pays the shipping costs. Same return privilege; 
refund guaranteed. Do not enclose cash! 


For more information, circle No. 514 
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aye 
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HIGH FREQUENCY 
inuccor HEATING 


HARDENING 
SOLDERING 
ANNEALING 
MELTING 
BRAZING 


LEPEL Electronic Tube 
GENERATORS —1 KW; 2'2 KW, 
5 KW; 10 KW; 20 KW; 30 KW; 50 KW 
75 KW; 100 KW. 
LEPEL Spark Gap Converters 
2 KW; 4 KW; 7'2 KW; 15 KW; 30 KW 


oe» 
- 


WRITE FOR THE NEW LEPEL CATALOG 36 illustrated pages 


packed with valuable information 


All Lepe! equipment is certified to co with the 


requirements of the Federal Communications Commission. 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


SSth STREET ond 37th AVENUE, WOODSIDE 77, NEW YORK CiTy, N Y 











CABLE 
CLAMPS 








A STYLE AND 
SIZE FOR EVERY 
CABLE FASTENING 
REQUIREMENT 


black Nylon for high 
temperature and 
other severe service 
conditions. 


Weckesser Cable Clamps 
offer superior insulating 
properties, high strength, 
light weight . . . with no rust 
or corrosion. 


Non-circular shapes also 
available. Immediate de- 
livery from on-hand stocks. 


of economical Ethyl- 
Cellulose for maximum 
service at minimum cost. 


WRITE TODAY FOR FREE 
SAMPLES AND PRICE SHEET 


W225 comer aNY 


5713 Northwest Highway «+ Chicago 46, Ill. 
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OVER 2700 PLANTS 


are saving money with 


WHISTLER DIES 


e 


G 
5 


MAGNETIC PERFORATING DIES 


All parts reusable and interchangeable. Punches and dies stocked in 
.001” increments from .100” thru .500” dia. Larger sizes available 


t 


ADJUSTABLE PERFORATING DIES 


All parts reusable and interchangeable. Punches and dies stocked in 
.001” increments from .100” thru .500” dia. Larger sizes available. 


manufacturer of all types of 
CUSTOM DIES for over 40 years 


S. B. WHISTLER & SONS, INC. 
741 Military Rd., Buffalo 23, N.Y. 


Mail the following: (1 Magna-Die Catalog () Adjustable Die Catalog 
1) More information on custom die work 


COMPANY 


STREET 


For more information, turn to Reader Service card, circle No. 398 
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. stafoam 
IN SPACE 


... Stafoam can produce 
these 
components: 


- STAFOAM RIGID 


and thousand 


others 


The new Freediander 
R & D Center at 
Hawthorne, Calif 
invites you to call 
or write for further 
technical 


Mipformation 


APAMERICAN [arex 
PRODUCTS CORPORATION 


3341 W. El Segundo Bivd., Hawthorne, Calif. 
ORegon 88-5021 + OSborne 6-0141 


BRANCHES: 

San Francisco, 42 Gough St 
Seattie, 2231 5th Ave 
Dallas, 1300 Crampton St 
Houston, 401 Velasco 


A DIVISION OF 
HEADQUARTERS THE DAYTON 
FOR NEW IDEAS RUBBER CO. 


For more information, circle No. 495 
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zation program of its elemental phos- 
phorus plant at Columbia, Tenn. 


Acoustica Asso., Inc. has acquired 
Universal Dynamics Corp., which will 
operate as a wholly-owned subsidiary 
of Acoustica. 


Societies 


Copper & Brass Research Assn. has 
elected the following officers: presi- 
dent—James M. Kennedy, Revere 
Copper and Brass Inc.; senior vice 
president—D. W. Blend, Wolverine 
Tube Div., Calumet & Hecla, Inc.; 
vice presidents—G. P. Bakken, Chase 
Brass & Copper Co., Inc.; C. P. Goss, 
Seovill Mfg. Co.; Justice Lockwood, 
American Brass Co.; Allen R. Roach, 
Penn Brass & Copper Co.; F. R. 
Slagle, Miller Co.; F. W. Sullivan, 
United Wire and Supply Corp.; J. E. 
Williams, Olin Mathieson Chemical 
Corp.; and Austin R. Zender, Bridge- 
port Brass Co.; treasurer—F. L. 
Riggin, Sr., Mueller Brass Co.; man- 
aging director—T. E. Veltfort; and 
secretary—Carl H. Pihl. 


Vinyl-Metal Laminators Institute is 
a new division of the Society of the 
Plastics Industry, Inc. 


American Welding Society announces 
the following 1959-60 officers: presi- 
dent—Charles I. MacGuffie, Air Re- 
duction Sales Co.; first vice presi- 
dent—R. D. Thomas, Jr., Arcos 
Corp.; and vice president—A. F. 
Chouinard, National Cylinder Gas 
Co. Directors are: Frank Singleton, 
Singleton Welding Supply Co.; Jay 
Bland, General Electric Co.; Charles 
B. Smith, Douglas Aircraft Co.; J. R. 
Stitt, R. C. Mahon Co.; George W. 
Kirkley, General Dynamics Corp.; 
Joseph W. Kehoe, Westinghouse 
Electric Co.; Harold E. Schultz, 
General Electric Co.; Lester L. 
Baugh, Allis Chalmers Mfg. Co.; 
Clifford L. Moss, Wyatt Metal and 
Soller Works; and C. B. Robinson, 
Air Reduction Pacific Co. 


Society of the Plastics Industry, Inc., 
has elected the following officers: 
president and director—Russell C. 
Weigel, E. I. du Pont de Nemours & 
Co., Inec.; director and chairman of 
the board—C. Russell Mahaney, St. 
Regis Paper Co.; vice president and 
director—Robert L. Davidson, Kurz- 
Kasch, Inc.; and secretary-treasurer 
and director—E. J. Caughlin, Ameri- 
can Insulator Corp. 

(News of Meetings on p 206) 
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now! cet 


this NEWs 


problem-solving 
money-saving 


Setko Catalog 23 


@ Includes new self-locking set 
screw selector chart. 

@ Latest styles of socket screws 
including: button heads, flat 
heads, shoulder screws, 
dowel pins. 

@ Complete information on cost- 
cutting Setko hopper feed 
method of inserting set screws. 

Lists all standard set screw and 

socket screw products... plus 

many special types designed for 
unusual conditions of vibration; 
close precision setting; resistance 
to tampering, etc. Describes many 
specific ways in which Setko Set 
and Socket Screw products cut 
costs, improve product quality. 


‘operation re-analyze 
for cost reduction’’ 


A new Free Setko service de- 
signed to help you cut costs — 
speed up production — increase 
quality... Setko Engineers have 
helped many Companies save 
thousands of dollars through 
planned re-analysis of their 
socket, slotted and slabbed set 
screws as well as socket cap screw 
needs. Write today for full in- 
formation... Ask about “Oper- 
ation Re-Analyze.” 


send for FREE 


catalog 23 
ef today! 


crevy 
& D4ifg. Co. 
149 Main Street 
BARTLETT, 
ILLINOIS 
Ssuvuevee or 
curcaco 


& 


¥ 
We Specialize in Solving Puzzling Set Screw Problems 


For more information, circle No. 475 








FOUNDATION makes 
the difference ! 


INTERLOX 


assures a sound base 


for your finish. 


The Interlox line was developed by North- 
west’s Cleaning Specialists to give you a 
better, lower cost, easily controlled phosphate 
base for organic finishes. 


Interlox iron phosphate products deposit a 
high quality, fine grained, dense coating with 
great speed and dependability. 


There is an Interlox product developed to meet 
your particular need whether spray or immersion 
type, single or multiple stage. Interlox baths are 
unusually long lived and require less additions and 
control. 


Northwest's production-tested chemicals and dependa- 

ble recommendations will save you money. Your 
Northwest Cleaning Specialist can give you expert advice 
on any cleaning or phosphatizing problem. 


Licensed Manufacturers 
Alert Supply Co. Los Angeles, California Armalite Company, Ltd. Toronto, Canada 


For more information, turn to Reader Service card, circle No. 380 
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with metals! 


BOSSERT produces these 
complex stampings and 
assemblies...at less cost 


You can design with complete freedom of 
imagination when you plan to use metal 
stampings for parts or complete assemblies. 
Intricate shapes can be formed to exact dimen- 
sional accuracy in any metal or alloy — often 
eliminating several separate production oper- 
ations! 


Practical re-design ideas! 


Send us your blueprints for evaluation by our 
engineering department. Parts that are now 
being cast or forged can often be produced 
in a single stamping at substantial savings! 


Samples of 
current 
production 


Write for Bulletin B-2. It 
describes Bossert’s com- 
plete facilities for produc- 
ing metal stampings 


ROCKWELL ® 
© 1959 R-S Corp 
[STANDARD 


ROCKWELL-STANDARD (cororarion 
STAMPING DIVISION 


1010 OSWEGO STREET UTICA, NEW YORK 








CANNON ELECTRIC improves contact performance 
with SEL-REX Bright Gold Alloy $-42 





SEL-REX BRIGHT GOLD ALLOY S-42 


STANDARD 24K GOLD PLATE 


Contacts used in world-famous Cannon 
Plugs must be capable of withstanding corro- 
sion and tarnish, in addition to the punishing 
effects of repeated engagement and disengage- 
ment. The photographs, taken by Cannon in 
their own laboratory, show why conventional 
24K gold plate failed to meet the requirements 
of this application. 

Both samples were plated with 60-mil- 
lionths of gold over silver plate, and were 
photographed after an hour’s exposure to an 
atmosphere of moist hydrogen sulfide. The 
contacts plated with 24K gold tarnisned and 
spumense Sees plated with Sel-Rex Bright 
Gold Alloy S-42 retained their original mir- 


ror-bright finish. 

Says Cannon, “At Cannon Electric, Sel- 
Rex Bright Gold Alloy S-42 has been instru- 
mental in solving wear and tarnish problems 
encountered in connectors used in aircraft, 
and intricate missile and electronic 
components.” 

he foregoing is just another of our many 
case histories which prove that: “From Mis- 
siles and Rockets to Misses and Lockets— 
there’s a Sel-Rex Precious Metal Plating 
Process to help you make your product better, 
more salable.” 

For other case histories, technical infor- 
mation and application data, ask for ML-1l. 


PRECIOUS METALS DIVISION 


Seis. SEL-REX CORPORATION 


NUTLEY 10, NEW JERSEY 


Manufacturers of Exclusive Precious Metals 


Power Equipment, Liquid Clarification F 


Processes, Metallic Power Rectifiers Airborne 
ters, Metal Finishing Equipment and Supplies 


For more information, turn to Reader Service card, circle No. 505 
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Meetings 


DENVER RESEARCH INSTITUTE, Metal- 
lurgy Div., 8th annual conference on 
applications of x-ray analysis. Estes 
Park, Colo. Aug 12-14. 

INSTITUTE OF RADIO ENGINEERS AND 
WESTERN ELECTRONICS MFRs. ASSN., 
1959 Western electronic show and 
convention. San Francisco. Aug 18- 
21. 

AMERICAN SOCIETY FoR METALS, con- 
ference on fracture of engineering 
materials. Troy, N. Y. Aug 23-25. 
METALLURGICAL SociETY, American 
Institute of Mining, Metallurgical, 
and Petroleum Engineers, conference 
on properties of elemental and com- 
pound semiconductors. Boston. Aug 
31-Sept 2. 

SocrETY OF THE PLASTICS INDUSTRY, 
Inc., Midwest Section conference. 
French Lick, Ind. Sept 10-11. 


AMERICAN CHEMICAL SOCIETY, 136th 
national meeting. Atlantic City, N. J. 
Sept 13-18. 

STEEL FOUNDERS’ SOCIETY OF AMER- 
IcA, 57th fall meeting. Hot Springs, 
Va. Sept 21-22. 

STANDARDS ENGINEERS Society, 8th 
annual meeting. Boston. Sept 21-22. 
INSTRUMENT SOCIETY OF AMERICA, 
14th conference and exhibit. Chicago. 
Sept 21-25. 

PORCELAIN ENAMEL INSTITUTE, an- 
nual meeting. White Sulphur 
Springs, W. Va. Sept. 24-26. 
AMERICAN WELDING Society, fall 
meeting. Detroit. Sept 28-Oct 1. 
ASSN. OF IRON AND STEEL ENGINEERS, 


annual convention. Chicago. Sept 
28-Oct. 1. 


SOCIETY OF THE PLASTICS INDUSTRY, 
INC., 15th New England Section con- 
ference. Portsmouth, N. H. Oct 1-2. 
AMERICAN VACUUM SOcIETY, 6th na- 
tional symposium on vacuum tech- 
nology. Philadelphia. Oct 7-9. 

Gray IRoN FouNDeRS’ Society, INC., 
31st annual meeting. San Francisco. 
Oct 7-9. 

AMERICAN SOCIETY FOR TESTING Ma- 
TERIALS, 3rd Pacific Area national 
meeting. San Francisco. Oct 11-16. 
AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS, fall general meeting. 
Chicago. Oct-11-16. 

FEDERATION OF PAINT AND VARNISH 


PRODUCTION CLUBS, 37th annual meet- 
ing. Atlantic City, N. J. Oct 20-24. 





For more information, turn to Reader Service card, circle No. 377 


J&F... pioneer source for 


REACTIVE 
METAL 
WIRE 


Ti pos 


For welding, screens, filters, fasteners, cable — .010 to 3/8 
coil or straightened — certified quality 
Whether you need a few pounds or production tonnage 
J&F will give you fast delivery, competitive prices, certi 
fied quality on reactive metal wire in commercially 
pure form .in a wide selection of special alloys ... in 
alloys to your own specifications. 
J&F wire is the product of integrated, no-compromise op 
eration. Metallurgists who have spearheaded reactive metal 
development guard your order at every processing step 
Put J&F’s ground-floor experience to work for you by 
arranging for an early meeting or write for facil 
ities brochure, complete wire data and _ prices 


Ju Johnston & Funk 


METALLURGICAL CORPORATION 
WEST KEMROW AVENUE, WOOSTER, OHIO 


A subsidiary of Mallory-Sharon Metals Corporation 





or : WHERE 


‘limite edy 
temperan.”?! oT 
not Permit be 


nee 


Modern Precision 


Investment Casting 
is the proven way out! 


Get the complete story. Read the case-histories 
showing how Precision Investment Casting simplifies 
design problems, how milling and finishing opera- 
tions are eliminated, how’ production costs are cut 
from 25%, to as much as 84%. 

Write for a copy of “MODERN PRECISION 
INVESTMENT CASTING” today. 








ALEXANDER SAUNDERS & COMPANY 
93 Bedford Street 
New York 14, New York 


For more information, turn to Reader Service card, circle No. 474 


FRONTIER CASTINGS of 


Aluminum « Coppere Bronze 
HAVE NO HIDDEN SECRETS 


Aircraft 
Casting of 
Frontier 
40E. High 
Strength 
Aluminum 
Alloy. 


Negative and Spectrograph 
Analysis furnished with 
each casting 


CIF REQUESTED) 


Controls for X-Ray Machine. 
Operated from panel outside 
of X-Ray Room. 


250 KV X-Ray machine in Fron- 
tier Lab. Penetrates 2” of bronze 
—6” of aluminum. 


Quality Control at Frontier means com “oo ~ controlled 
by Frontier. We have our own modern Pacilitzes for every 
phase of chemical and physical testing. Our X-Ray Lab- 
oratory is certified by the U. S. Air Corps, which certifica- 
tion is accepted by all branches of the government. The 
Frontier foundry follows the newest casting and core- 
making techniques. Heat treating and rough machining 
facilities are also available. 

For complete information write to the originators 

of Frontier 40-E the high strength aluminum alloy. 


FRONTIER BRONZE CORP. 
4874 PACKARD ROAD, NIAGARA FALLS, NEW YORK 


Exclusive Foreign Producers of 40-E 
DARALUM CASTINGS LTD., DARLINGTON, ENGLAND 
PAUL BERGSOE & SON, GLOSTRUP, DENMARK 
L‘ALUMINUM FRANCAIS, PARIS, FRANCE 


For more information, turn to Reader Service card, circle No. 446 
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aloha claeteieled late, am 
The Nimonic Alloys. W. Bet- 


t Tab parts ‘Ta teridge. St. Martin’s Press Inc., New 
York. 1959. Cloth, 6 by 9 in. 344 pp. 


gan . i 
4 Price $15 


f _s This book presents comprehensive 
Ne and up-to-date engineering data on 
5 a group of precipitation hardenable 

%j nickel-chromium alloys called Nim- 


; onic. The 15 chapters in this British 
“ PP, DuPont's new acetal resin, DELRIN, with mechanical prop- book give information on: chemical 
. ae erties equalling metals in many ways—while excelling in | +e ~ . 
ee 2 ae corrosion-resistance, resilience, non-conductivity, and other composition, constitution, hot and 
important factors, is NOW available from Gries in tiny cold working, heat treatment physi- 
parts engineered to precision tolerances. | — : ’ . 

Successful techniques for production-line molding of DELRIN have been | cal properties, mechanical properties 
developed by GRC, the result of our two years’ pioneering—and another at room and elevated temperatures 
industry dividend deriving from GRC's long experience in injection ‘ . ores x 
molding thermoplastics to exacting specifications. The reliability of Gries corrosion resistance, joining, ma- 
procedure for DELRIN fabrication is proved by long production runs chining and finishing applications 
on parts like those shown here. | - ‘ 2 ‘ . : 
APPLICATIONS Th-w GRC For other service requirements, let Gries’ experience in injection molding and Nimonic alloys as castings. The 
of Nylon, Cycolac, Kel F, and other Engineered thermoplastics solve your book is well illustrated with tables 
problems on tiny parts with precision specs. Send prints for quotation— : ; . 

quantity from 25,000 to millions diagrams and photographs. 


ENGINEERED 
Precision sy, 
MOLDINGS | Maximum size .03 oz.—1'/," long 


Se i No size too small | 
Package Design Engineering. Kenneth 
e 





New DuPont Thermoplastic 
with Metal-Like Qualities 
Makes POSSIBLE 

NEW TINY COMPONENT 


Ee 
Ls) OEP SS i Ps pa 


ry Brown. John Wiley & Sons, Inc., New York. 
J tg on GRC Automatic Molding Services. 1959. Cloth, 6 by 9 in., 278 pp. Price $8.50 
GRIES REPR Covers the fundamentals in static and 
ODUCE R COR P. dynamic mechanisms, strength of materials, 
World's Foremost Producer of Small Die Castings and stress analysis for solving structural 
153 Beechwood Ave., New Rochelle e and dynamic packaging problems. Gives de- 
y » N.Y. NEw Rochelle 3-8600 sign characteristics of the tension spring, 
rubber shear mount, solid cushioning and 
canvas strap suspension systems. 


DISCOVER THE sossetin thats i me tu 


and Foster Dee Snell, Chemical Publishing 


D | Ff f f R t N C ft | N Co., Inc., New York. 1959. Cloth, 5 by 8 in., 
270 pp. Price $10 

Covers the theory of inorganic chemistry, 

D E N F ® | elements and compounds in inorganic chemis- 

L EX try, and aliphatic and aromatic compounds of 

organic chemistry. The book is designed spe- 

cifically for home study. Its presentation 

for the reader to grasp the 


Plastisols and | makes it easy 
PLASTISOL | pone cieaelion of chemistry without a 


Primers 
teacher. 


COATI NG AT Physical Laws and Effects. C. Frank Hix, 


Jr. and Robert P. Alley. John Wiley & Sons, 
PRODUCTION-LINE Inc., New York. 1958. Cloth, 6 by 9 in., 291 

pp. Price $7.95 
SPEED Contains many common and uncommon 
physical laws and effects that may be of 
Merely clean interest to the engineer. Gives a clear de- 
the material, apply scription of the law or effect, an indication 
of the expected magnitude, and references 
DENFLEX PRIMERS*, flash that will be useful in gaining additional 
° information. The entire collection is indexed 
heat » dads and dip, spray or roller- alphabetically by names, by physical quanti- 


coat your product with DENFLEX PLASTISOL. ties involved, and by fields of science 
No complex pre-treatment, no excessive 
shuttling in and out of baking ovens. 


— ee Write today for DELRIN data—titerature 





A Reports 
Result: a beautiful, rugged finish that lasts P 

for the life of your product! 
High temperature seals A RESEARCH 
PROGRAM ON THE INVESTIGATION OF SEAL Ma- 
TERIALS FoR High TEMPERATURE APPLICA- 
Write today tions. R. H. Baskey, Horizona Inc. June ’58. 
74 pp. Available from Office of Technical 
for coated samples Services, Dept. of Commerce, Washington 25, 

D. C. Price $2 (PB 151451) 
and data sheets 

. | Study of pure refractory hard metals, 
| binary alloys of these metals bonded with 
DENNIS CHEMICAL co, | nickel, and ternary alloys of these metals 
. 25 | bonded with nickel and infiltrated with 
2707 Papin St. © St. Louis 3, Mo. silver as rotating seal materials for poten- 
Member Vinyl Dis . sss ’ tial aircraft use at high speeds and high 
Y wSPOrsions Division, S.P.1. Pat. temperatures. Two ternary alloys prepared 
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Lead is a remarkably versatile material. 
It is found in hundreds of familiar uses 
and in a wide range of entirely new 
applications. Here are a few of the 
unique properties that caused lead to 
be selected for use in some unusual and 
interesting new applications. 


Practically indestructibie 
Electrochemically 


A “lead dry cell” battery having a com- 
pletely reversible electrochemical sys- 
tem which does not gas on charging and 
is therefore practically indestructible 
has been developed to power transistor 
circuits. Even after years of use its ca- 
pacity, 9/10 of a volt at 14%4 amperes, 
is not greatly affected by repeated 
recharging. It has high shock and 
vibration resistance, particularly in the 
temperature range of —65 to plus 165 
deg. F. When mass produced, it is be- 
lieved that costs would be about 50 per 
cent higher than a Mercury battery 
which does not equal its amperage- 
voltage - temperature advantages. The 
battery anode of the lead dry cell 
“mighty midget” battery is made of 
consolidated Grenox or lead-lead oxide. 
It weighs only 40 grams as compared 
with 95 grams for the conventional 
flashlight battery. Gram for gram, both 
are equal in capacity. In the uncharged 
state, it has a virtually indefinite shelf 
life 


Sound Attenuation 


Materials impregnated with lead 
powder have proved most effective in 
reducing aircraft noise. The sound 
deadening material is a plastic such as 
vinyl, heavily impregnated with lead 
powder, and backed with glass fibre or 
cotton duck. Although the fabric is 
relatively thin, the lead mass is very 
effective in deadening sound. Lead in 


other shapes, such as sheet or foil will 
also act as an excellent sound isolator. 
As pointed out in the article “Acoustics 
for Modern Interiors,” ARCHITEC- 
TURAL FORUM, April, 1959, “... if 
the wall is heavy and limp, like a soft 
lead sheet, it is less capable of moving 
with the sound waves, and sound is less 
likely to go through it.” 








True and level ~ | 2" 
ms 
Rubber sealing —+—_™ 
compound 





} ‘ - a 


4: Rubber - 
re water ar 4 
Y g Cut hole in|}wooden piank and jt 

| Filler to matchivertical drain holes 











Feet 





Lubricity 
The new Niagara Power Project will 
require approximately one million 
pounds of 1/16 inch thick sheet lead. 
Here lead is used as a lubricating base 
and seal beneath the concrete walls of 
414 miles of water-conveying conduits 
that pass through limestone cuts. Lead 
was specified because, under the influ- 
ence of rock squeeze, lead’s lubricity 
permits lateral movement of conduit 
walls. This maintains the conduits 


aS 
eS 
Ss 


structurally, and lead’s high sealing 
quality will keep water leakage at a 
minimum. 


Optical Refiectivity 
Compounds of basic lead carbonate and 
lead monohydrogen phosphate — 
through an optical effect dependent 
upon multiple reflectivity — are now 
providing a new way to duplicate the 
appearance of pearls or mother-of- 
pearl. Synthetic “pearly” pigments are 
being widely used in costume jewelry 
... motion picture screens . .. synthetic 
leather... molded plastics... and are 
giving a pearlized look to paint jobs on 
certain custom-model automobiles. 


Improved Strength & Rigidity 
Hard lead —an alloy containing from 6 
to 744% antimony—preserves all the de- 
sirable easy-to-work properties of soft 
lead, yet improves strength, rigidity 
and hardness. Over 8,000 Ibs. of hard 
lead sheet line the gutters of the new 
dormitory building at Duke University, 
Durham, N. C. Hard lead was selected 
for this job because it resists corrosion 

.. will not stain the adjacent limestone 

..and assures a watertight drainage 
system that can be counted on to last 
the life of the building itself. 


The broad range of lead’s potential uses 
is taking researchers into ar, astonish- 
ing number of widely different fields. Its 
unique properties continue to increase 
lead’s value to modern technology. 


Research is currently being conducted 
in the following important areas: low 
melting frits for porcelain enameling 
of aluminum and steel; lead ferro-elec- 
tric materials; lead glazes for structural 
clay products; wrought lead products 
by powder metallurgy and many others. 


If you are faced with a product devel- 
opment problem, lead may prove to be 
the ideal solution. Don’t hesitate to ask 
for information and technical assist- 
ance. Write: Office of Technical Infor- 
mation, Lead Industries Association, 
60 East 42nd Street, New York 17, N.Y. 


9 


Lead industries Association 


60 East 42nd Street 


New York 17, N. Y. 
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Get more © 
for your money | 
... specify Rs 
moldings by 


MOLDED ® 
FIBER GLASS | 


Because: 





|. The MOLDED FIBER GLASS Com- 
pany offers you years and years 
of experience in designing, for- 
mulating and molding fiberglass 
reinforced plastic products .. . 
large and small for thou- 
sands of different uses. There's no 
substitute for experience like that! 


20 


2. MOLDED FIBER GLASS offers you 
the latest developments in ma- 
terials and processes, thanks to 
the modern, fully-staffed Molded 
Fiber Glass Research Laboratory. 


. The MOLDED FIBER GLASS Com- 
pany offers you large production 
capacity: 20 modern hydraulic 
presses ranging in size up to 61” 
x 50” x 50” stroke x 86” day- 
light; 8 preform machines. 


4. MOLDED FIBER GLASS personnel, 
from top management down, take 
a sincere interest in your product 
. . « give full attention to all 
details of its production 
maintain a constant check on its 
quality. 

A conference with MOLDED FIBER 
GLASS engineers does not obli- 
gate you in any way. Why not call 
today? Free literature available. 


Moided GREATEST 
Fiber a 
Glass 

Company 


4421 Benefit Avenue, Ashtabula, Ohio 
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by powder metallurgy techniques showed 
superior wear qualities when run against 
tool steel and Inconel. The best alloys, 
according to the report, contained tungsten 
boride or chromium nitride as the basi 
metal 


Design criteria for titanium DerrerMiNa- 
TION OF MATERIALS DESIGN CRITERIA FOR 6 
Al-4 V TrraANiuM ALLoY AT Room AND ELE- 
VATED Temperatures, J. K. Childs and M. M. 
Lemcoe, Southwest Research Institute. Aug 
‘58. 275 pp. Available from Office of Tech- 
nical Services, U. S. Dept. of Commerce, 
Washington 2 ¢ Price $4 (PB 151274) 
Aireraft and missile materials design cri- 
teria. Information on tension, compression 
shear properties at temperatures from 
75 to 1000 F. Tensile strength was severely 
reduced by increasing temperature 


Viny! tacquer coating Viny.L-LACQUER 
CoaTING FOR INTERIOR OF MILITARY STEEI 
Pirpetine Tusinc. S. J. Holzsweig, U. S 
irmy Engineer Research and Development 
Laboratories. May °'57. 42 pp. Available 
from Office of Technical Services, Dept. of 
Commerce, Washington 25, D. C. Price $1 
(PB 151013) 

Tests show that vinyl lacquer coatings 
protect the interior of steel tubing against 
atmospheric corrosion during storage. The 
tests involved exposing coated tubing to 
gasoline, jet fuel and water. 


Nickel-base alloys EXPLORATORY INVESTI- 
GATION OF ADVANCED-TEMPERATURE NICKEL- 
Base Atitoyvs. J.C. Freche and W. J. Waters, 
Lewia Research Center. May °59. 39 pp. 
lvailable from National Aeronautics and 
Space Administration, Washington, D. C. 
(No, 4-18-59E) 

Discusses a series of nickel-base alloys that 
generally provide good stress-rupture and 
impact properties for possible aircraft tur- 
bine blade or space vehicle applications. The 
strongest compositions displayed stress-rup- 
ture lives of 384 and 574 hr in the as-cast 
and homogenized conditions at 1800 F and 
15,000 ps 


Spot test for epoxies A New Sror Test 
ror Epoxy Restns. M. H. Swann, Aberdeen 
Proving Ground. June "58. 5 pp. Available 
from Office of Technical Services, Dept. of 
Commerce, Washington 25, D. C. Price 50¢ 
(PB 151082) 

Describes a new, rapid spot test for bis 
phenol-type epoxy resins. The test is said 
to be useful in routine identification of syn- 
thetic resins in coating materials 


Standard materials STANDARD MATERIALS 
National Bureau of Standards. Apr °59. 27 
pp. Available from Supt. of Documents, U. S. 
Government Printing Office, Washington 25, 
D. C. Price 35¢ (NBS No. 552) 

Lists standard materials issued by the 
Bureau and their prices 


Emissivity of oxidized metals Mrasurr- 
MENTS OF TOTAL HEMISPHERICAL EMISSIVITY 
or SeveraL Stasty Oxmizep METALS 
Some Rerractrory Oxmwe CoaTincs. W. ° 
Wade, Langley Research Center. Jan °59. 
30 pp. Available from National Aeronau- 
tice and Space Administration, Washington, 
D. C. (No. 1-20-59F) 

Results of this investigation indicate oxi- 
dation of pure metals in air may be used to 
produce strongly adherent surface coatings 
with high emissivity. Values of total hemis- 
pherical emissivity were obtained for type 
347 stainless steel and Haynes alloys C, X 


and 25 
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IN A SQUEEZE? 


HERE'S YOUR ANSWER 
FOR PRECISION TUBING 
AT REGULAR TUBE PRICES 


Quality specifications and profit margins 
have you in a squeeze on tubing? Preci- 
sion Tubing assures you unsurpassed 
quality of temper, straightness, accuracy, 
finish and roundness at regular mill 
prices and test results prove it 

Whatever the type of alloy tubing you 
need from .010” to 1.125 O.D. in cop- 
per, brass, aluminum, up to %%” O.D. in 
nickel and nickel alloys, Ni-Span “C’, 
phosphor-bronze and nickel silver Preci- 
sion can supply it. Whether you need 
Bourdon, round, rectangular, oval or 
square preformed to special shapes 

or Coaxitube-Precision can supply 

it to your specifications 

For improved quality at lower costs 
specify Precision Tubing. Write for tech- 
nical data to Dept. 10, Precision Tube 
Company, Inc., North Wales, Pa 


GET THIS NEW 
TUBING DATA 
CATALOG .. . FREE! 


PRECISION 
TUBE 


COMPANY 


For more information, circle No. 394 
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PROCESS: 


Converting 
250 handmade 
parts to 
short-run 
stampings 


SYSTEM: 
Dayton 
Rogers’ 
method of 
utilizing 
temporary 
ACTUAL SIZE tooling 

@ This lock-cap brush holder formerly cost a California 
manufacturer of floor machines $1.00 each plus plating and 
installation (estimated at 50¢ each extra). Conversion to a 
short-run stamping saved $66.20 for the first 250 pieces. 
Subsequent orders were 90% less. 

Got a stamping problem? Can converting from a casting, 
molding, fabricated part or complicated assembly save 
you? In terms of cost, time, labor and piece-price? In terms 
of pilot model, limited or production run? Analyze the part. 
Then let us quote on your print or sample... any quantity 

- no obligation. 





DAYTON ROGERS 


Nanuga ctu wing Compuany 





MINNEAPOLIS 7X, MINNESOTA 










circle No. 435 
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do jobs in 
* instea of hours 





Cerro (bismuth-lead-tin-cadmium) Alloys are extensively used 
in many* diversified industrial operations. Cerro Alloys melt at 
low temperatures and several tend to expand as they harden. 
They are easy to work with, neat, strong, versatile, can be 
remelted and reused over and over again. Used in design and 
development work and to improve products and simplify proc- 
esses, these efficient, economical alloys save time, lower costs 
and increase profits. Various combinations of alloys are avail- 
able, many “custom-blended” to fit your exact needs. 

“HOW TO" (No. J4) booklet. 

® t 'T.M. Cerro de Paseo Corp. * 63 Applications at the latest count 


CERRO DE PASCO SALES CORPORATION 
312 Park Avenue, New York 22, N. Y. 


To learn more about CERRO ALLOYS and their wide 
range of applications, send for our new, illustrated 














PRODUCTS 
AND PROCESSES 


reno METALPREP 

e PHOSPHATING GALVAPREP 
CONVERSION 

° COATING LYFANITE 

@ METAL PHOSTEEM 
CONDITIONING PREP-N-COTE 

@CLEANING 

ee ain , EMULSOPREP 
BONDING STRIP-PREP 
RUST 

* REMOVING —— 


PREP PRODUCTS FOR STEEL 
ALUMINUM, ZINC, CADMIUM, ET( 


A Product and Process to Fit Your Requirements! 


Use Prep Products for better results—better quality, low operating cost— 
low maintenance cost—the complete line for every purpose im your pre- 
painting program. We supply the complete “package” along with the tech- 
nical know-how and experience to fit your particular needs. Tell us your 
problem —Let us make recommendations—W rite today. 


~ NEILSON CHEMICAL CO. 


Southeastern Distributer: 2310 Gainsboro, 
F. H. ROSS CO 


Cherlotte, North Coretine Detroit 20 tesntaencm nae 
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Molded Rubber 
means 
Reliability i 
n 


jt Ay 4 WILBOW 
aling rings (left) r, - 
sposia requirements 
tinh capacity, pandiing 
equipment (above). 
Amazing VAC-U-LIFT equipment handles 10 ton 
loads with air alone. To meet an unusually rigid 
combination of seal requirements . . . high strength, 
abrasion resistance and flexibility . . . the designers 
called on WILBOW and got the sealing rings they 
needed, combining unprecedented performance re- 
liability with long wear life. WILBOW specializes 
in meeting special molded rubber needs with a full 
line of compounds including the latest synthetic, 
natural and silicone polymers. Tell us of your me- 
chanical rubber parts requirements, or send for 


WILBOW catalog. We will be 
pleased to work with you. Gy? 
The WILLIAMS-BOWMAN RUBBER Co. 
1949 South 54th Avenue + Cicero 50, Illinois + (Chicago Suburb) 


Mfrs. of molded, punched, extruded and cut rubber goods. Specialists in pro- 
ducing rubber covered rolls, silicone rubber parts and bonding rubber to metal 
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Development 
* 15.287 ALL PURPOSE ADHESIVE 


Features: 


All Purpose VERY HIGH HEAT RESISTANCE in range of 


ADHESIVE adhesives of much higher cost. For example — 


15-287 is capable of passing through paint 
bonds retouch ovens without failure. 
FIBROUS 


MATERIALS 
to METAi 
woop 


PLASTIC 
etc. 


PRODUCES STRONG, DURABLE BOND with 
excellent film stability 


LONG TACK RANGE. VERY FAST GRAB 
NON-TOXIC SOLVENTS 
EASILY HANDLED Spray, Brush, Paint 
Roller. 


ECONOMICAL - being made of rubber 
reclaim-it is low in cost, while posses- 
sing properties of expensive adhesives, 


WRITE FOR DETAILS — PRICES. 


ST. CLAIR RUBBER CO. 


440 E. JEFFERSON AVE 
DETROIT 26, MICHIGAN 


_5T CLaiR 


S287 disunetl 
4DHESIVE 











. . . because this aluminum part, pro- 
duced by G.E.I., will be viewed by 
discriminating eyes. It’s a thermostat 
housing for air conditioning controls 
manufactured by White-Rogers Co., St. 
Louis, Mo., for instaliation in fine homes, 
exclusive clubs, hotels, restaurants and 
other establishments. G.E.I. extrudes this 
part, cuts to size, blanks and drills, then 
painstakingly hand polishes, chemically 
bright dips and gold anodizes it. . . 
proving once again aluminum can be 
richly beautiful. The unblemished, soft 

gold finish of this part is truly attractive. If you have a need 
for aluminum with emphasis on quality appearance, let a G.E.I. 
representative tell you why G.E.I. can fill the bill better for less. 


GENERAL EXTRUSIONS, INC. 


4040 LAKE PARK RD., YOUNGSTOWN, OHIO 


Mill Representatives at St. Louis, Detroit, Pittsburgh, 
Cincinnati, and Chattanooga 
Consult your classified phone book under Aluminum Products 


Bah © BOne 
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Covers constitution, 


applications and properties .. . 


HOT ORGANIC 
COATINGS 


Just Published! 
by RAYMOND B. SEYMOUR 


President, Alcylite Plastics and Chemical Corporation 
with a special chapter by GEORGE B. McCOMB 
Consultant to Leading Suppliers of Pipe Line Coatings 
1959, 225 pages, $7.50 


The constitution, applications and properties of hot 
organic protective coatings are concisely presented here. 
The book contains chapters on widely used hot organic 
materials such as asphalt, coal tar pitch, petroleum 
waxes and cellulose derivatives. Specific information on 
formulations of proprietary products is included. Addi- 
tional chapters deal with hot melt applications without 


| solvent such as peel coatings, protective linings, flame 
| spraying and the fluidized bed process. One chapter on 


hot applied coal tar pitch base coatings is supplied by 
George B. McComb, consultant to the leading suppliers 
of pipe line coatings. Hot spray techniques and the 
many advantages of this application are also covered. 
This book will be helpful to everyone using these coat- 
ings in any form. 


CONTENTS: Coating Funda- 
mentals; General Discussion of 
Hot Coatings; Asphalt and Re- 


| lated Products; Coal Tar Pitch; 


| Petroleum Waxes; 
| Hydrocarbons Resins; 


Synthetic 
Cellu- 
lose Derivatives; Animal, Vege- 


| table & Insect Waxes; Miscel- 
| laneous Products; Applications 
| in the Absence of Solvent; Hot 
| Applied Coal Tar Pitch Base 
| Coatings; Hot Solution Appli- 


| cations; 


Tests; Trends and 


| Potentials of Hot Coatings; 


Glossary—Trade Names; In- 


dex. 


Examine It Free for 10 Days 
MAIL THIS COUPON NOW! 


REINHOLD PUBLISHING CORPORATION 
Dept. M-487, 430 Park Avenue 
New York 22, N. Y. 

Send me a copy of HoT ORGANIC CoaTINGs for 10 
days’ Free Examination. After 10 days, I will send 
you $7.50 plus postage or I will return the book and 
owe nothing. 


NAME 
ADDRESS 
CITY AND ZONE ... 


SAVE MONEY: Enclose paymeat, and Reinhold pays the shipping 
costs. Same return privilege; refund guaranteed. Do not enclose cashi 
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Just Published! 


1959, over 700 pages, $19.50 


ZINC 


The Science and Technology of the 
Metal, Its Alloys and Compounds 


Edited by C. H. MATHEWSON 

Professor Emeritus of Metallurgy and Metallography, Yale University 
With Chapters by Specialists 

In Cooperation with THE AMERICAN ZINC INSTITUTE 


ACS Monograph No. 142 


This definitive monograph on the metallurgy, chemistry, extraction 
and uses of zinc is the most complete book ever published on the 
subject. Forty-five specialists under an outstanding editor-in-chiet 
blanket the field from geology through the end product. Written with 
the cooperation of the American Zinc Institute, the book’s fourteen 
chapters cover such topics as economics, geology, ore treatment, re- 
fining, processing, alloy technology, the use of zinc for extraction of 
other metals, zinc compounds, the biological significance of zinc, and 
its use in agriculture. All these subjects are in addition to the basic 
technology mentioned above. Here is a single source of information 
for anyone with a general or specific interest in zinc as a major ma- 


MATHEWSON 


terial of modern industry. 


CONTENTS 


Se en ee a ea oe ae 


Monograph 
Series 


No 142 


Send 
this 
coupon 
today! 


REINHOLD 


Historical Background 

Economics and Statistics 

Geology and Zinc Deposits 

Chemistry and Physics of Zinc Tech- 
nology 

The Treatment of Ore or Concentrate 
for Subsequent Processing by 
Leaching or Pyrometallurgical 
Methods 

Metallurgical Extraction 

The Refining of Zinc 

The Manufacture of Zinc Oxide 

The Processing and Uses of Metallic 
Zinc and Zinc-Base Alloys 


Zinc As An Alloying Agent 

Uses of Zinc in Various Forms for 
the Metallurgical Extraction of 
Other Metals (including the Parkes 
Process) 

Industrial Zinc Oxide, Zinc Sulfide 
and Other Zinc Compounds 

The Biological Significance of Zinc 

Use of Zinc in Wood Preservation 
and in Agricuiture 


Name Index 


Subject Index 





] Bill me 


SAVE MONEY! Enclose $19.50 with order 





REINHOLD PUBLISHING CORPORATION 

Dept. M-480, 430 Park Ave., New York 22, N. Y. 

Send me a copy of ZINC for 10 days’ Free Examination. 
C] Total purchase price enclosed 


and Reinhold pays all shipping costs 
vilege. Include 3% sales tax on N.Y.C. order 


] Bill 


Do not enclose cash 
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Edited by 
R. F. BUNSHAH 


Department of Metallurgical 
Engineering 


College of Engineering 
New York University 


The aim of this book is to pro- 
vide the engineering field with 
a complete, up-to-date refer- 
ence on vacuum metallurgy. 
It is the result of a course on 
the subject held for engineers 
and research workers at New 
York University in 1957. 

The book encompasses vir- 
tually the entire field—pro- 
duction and measurement of 
vacuum ; vacuum melting tech- 
niques (including the new 
electron bombardment); de- 
gassing of metals; and the metallurgical applications of vacuum 
processing to powdered and electronic materials, coatings, and 
high temperature alloys. Much new material resulting from 
basic research as well as that based on practical engineering 
data is included. There is also a treatment of the specific 
applications of the concepts of thermodynamics and kinetics 
to vacuum metallurgy and a discussion of future trends. 

The book has particular importance to the missile, aircraft, 
atomic energy and electronics industries, or wherever the high 
quality material produced by vacuum processing is needed. 


1958, 490 pages, $12.50 


Free Examination Order Form 


MAIL THIS COUPON TODAY 


REINHOLD PUBLISHING CORPORATION 


Dept. M-485, 430 Park Ave., New York 22, N. Y. 


Please send me VACUUM METALLURGY to read and examine. In 10 days 
I will return the book and owe nothing, or I will remit $12.50, plus 
postage. 


NAME 








ADDRESS 





CITY ZONE STATE 





SAVE MONEY! Enclose payment with order and Reinhold pays all shipping costs. Same 
return privilege, refund guaranteed. Please add 3% sales tax on N. Y. C. orders, DO 
NOT ENCLOSE CASHI 
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The Simpler 
Materials Specifications 
of Tomorrow 


When, where and how new materials are used 
by industry largely depends upon the specifica- 
tion(s) developed for the materials. Therefore, 
specifications are an indispensable part of our 
materials technology. Because of the vital role 
they play in the acceptance and successful use 
of materials, it is important for specifications 
and standards to keep abreast of the rapid ad- 
vances being made in the field of materials. 

Traditionally, the development of specifications 
has been a long, slow process, often involving 
lengthy test programs and much debate and 
discussion. Despite shortcomings, however spec- 
ifications usually have kept pace with new 
developments. 

Eut now, new materials, complex combinations 
of materials, ultra-high-purity materials, and 
new ways of processing and treating materials 
are being developed at an unprecedented rate. 
To be responsive to the new and complex de- 
mands of our exploding technology, it is quite 
likely that we may need a new approach to 
standardization—an approach that will involve 
new kinds of specifications, produced in a much 
shorter time than is now required. 


New specs will deal with atoms 

What will this new kind of specification be 
like? C. A. Hochwalt, vice president for research, 
development, and engineering at Monsanto Chem- 
ical Co., predicts that it will be much simpler 
than those of today. He says the specification 
of tomorrow will “conceivably describe molecular 
type, size, and atomic geometry in terms of a 
very few numbers. It could originate with the 
scientist or engineer who, in defining the per- 
formance requirements for a material, would 
specify (its) fundamental atomic and molecular 
parameters.” Thus, the standard would deal with 
fundamental rather than secondary properties, 
and the precise behavior of materials under a 
given set of conditions could be precisely pre- 
dicted. 

Perhaps it is only with this or a similar 
approach that our specifications can move ahead 
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by H. R. Clauser 
Editor 


as rapidly as our expanding technology. But 
before such specifications can become practical 
realities, there is much work to be done. It will 
be necessary to gain a better understanding of 
atomic and sub-atomic structure and behavior. 
We will need to know more about how to manip- 
ulate molecules and atoms to give us precise, 
predetermined performance properties at the 
macroscopic level. And new advanced instrumen- 
tation and techniques will have to be developed. 


ASTM faces the challenge 

A large part of the job of developing the mate- 
rials specifications of tomorrow must fall to the 
American Society for Testing Materials. This 
organization is well aware of the new problems 
and the need for new approaches to standardiza- 
tion, and it has begun to organize for the future. 
A few months ago ASTM established a new 
Division on Materials Sciences. Its objectives 
are to focus attention on, encourage, and co- 
ordinate work on the fundamentals of materials. 
Also, an Administrative Committee on Research 
has been active now for several years encourag- 
ing and assisting the technical committees of 
the Society in their research efforts. 

Both of these new groups are still in the 
formative and planning stages. There are many 
problems of scope and organization to be solved. 
And much thought must be given to how best 
to implement the new objectives. This, then, is 
the “talking” stage. Although planning and dis- 
cussion are quite necessary, the sooner we can 
proceed with the “doing,” the sooner we will 
have the specifications of tomorrow. 





NEW 
EASY 
PROGESSING 
RUBBER 


Ameripol 4600 permits 
short breakdown time; fast cure 


Ameripol 4600 is a new non-staining cold SBR polymer designed 
for easy processing into shoe soles, floor tile and other light 
colored or white products. 


It has a Mooney viscosity in the 36 to 48 range. Thus the 
polymer can be broken down in drastically reduced time com- 
pared to high Mooney polymers generally used. Ameripol 4600 
has good physical and aging properties. Being a fatty acid type 
polymer, it cures quickly. 

This polymer is now available in production quantities. Why not 
give it a test? We'll CHOOSER EDA ONS EDERORSESONSFESESEREOS 
gladly cond complete GOODRICH-GULF CHEMICALS, INC. 


d a t & an d sam ples CF) Please send technical data sheet on Ameripo! 4600. 


* 
. 3121 Euclid Avenue 
. 
. 
A _ 
for your evaluation * Please send test somples. 
. 
. 
. 
7 
7 
- 
. 
. 
. 
. 
. 


Cleveland 15, Ohio 


lJ4/ . use the coupon 
/44, for your convenience. 
THE PREFERRED RUBBER Goodrich-Gulf 
a Chemicals, Inc., 3121 
Euclid Avenue, 

Cleveland 15, Ohio. 


Your Name 
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Company 
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City Zone Siate 





Gs Goodrich-Gulf Chemicals, Inc. 
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INTRICATE SHAPES MADE EASY WITH GRAPH-AIR* 


hardens at 200° to 300° lower than most air-hardening tool steels 


, ey can make intricate shapes like these easier and 
at less cost with versatile Graph-Air tool steel. 
Here’s why: 

1) GRAPH-AIR AIR-HARDENS FROM AS LOW AS 1450°F. 
That’s as much as 400 degrees lower than most air- 
hardening tool steels. You reduce distortion, simplify 
heat treating control, minimize scaling and decarburi- 
zation. 


2) GRAPH-AIR MACHINES FASTER. The free graphite in its 
structure makes it machine 30% faster than ordinary 
tool steels. Means more production for you. 


3) GRAPH-AIR HAS MORE STABILITY. It’s one of the Timken 
Company’s graphitic tool steels, the most stable tool 
steels ever made. Tests prove it. And that means longer 
accuracy for parts made of Graph-Air. 


Uniform hardening, reduced distortion and all its other 
advantages allow you to machine Graph-Air into more 
intricate sections. It’s a money-saving solution for blank- 


ing dies or other steel parts that must withstand abuse. For 
the best tool steel to make intricate shapes—the one that 
air-hardens at lower temperatures—specify Graph-Air. 
Available in solid and hollow bar sizes. Our metallurgists 
will help you select the most economical size for your 
needs. Write: The Timken Roller Bearing Company, Steel 
and Tube Division, Canton 6, Ohio. Cable: ‘“TIMROSCO”. 
Makers of Tapered Roller Bearings, Fine Alloy Steels and 
Removable Rock Bits. 


WHEN YOU BUY TIMKEN STEEL YOU GET... 


- Quality that’s uniform from heat to heat, bar to bar, 
order to order 
. Service from the experts in specialty steels 


. Over 40 years experience in solving tough steel 
problems 


TIMKEN GRAPHITIC STEELS ARE CARRIED IN STOCK BY 9 DISTRIBUTORS WITH 42 WAREHOUSES IN 31 CITIES IN THE UNITED STATES AND CANADA 


For more information, turn to Reader Service card, circle No. 477 





